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REMARKS 

1. Procedural Matters 

A Notice of Appeal was filed on June 5, 2 006. However, no 
appeal brief has yet been filed. Hence, this amendment is 
governed by 37 CFR 41.33(a) and 1.116. 

2. Claim Objections 

Claim 9 has been amended to depend from claim 3 0 rather than 
cancelled claim 8. 

3 . Def initeness 

Claim 11 has been amended to strike the questioned term 
"essentially" . 

4 Prior Art 

The Examiner has conceded that claim 11, drawn to 
Lactococcus lactis subspecies lactis strain DN221 is free of the 
prior art . 

However, claims 6, 7, 9, 10, 2 7 and 3 0 stand rejected as 
anticipated by Hugenholtz or Starrenburg in light of evidence by 
ATCC catalogue. This rejection is respectfully traversed. 

Claim 6 has been amended to put this case into better 
condition for allowance or appeal. 

As admitted by the Examiner in the paragraph bridging pp. 
3-4 of the office action, Hugenholtz discloses a Pf 1-def ective 
lactic acid bacterium belonging to the genus Leuconostoc . 
Likewise, as noted in the first full paragraph on page 4, 
Starrenburg' s teachings are directed to the metabolic properties 
of Leuconostoc bacteria. 

In contrast, claim 6 as examined recited five other genera: 
Lactococcus, Lactobacillus, Pediococcus, Streptococcus, and 
Bifidobacterium. 

The Examiner has previously argued that the claimed 
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Lactobacillus and Pediococcus (there are three other claimed 
genera) could be anticipated by Leuconostoc deposits because 
Leuconostoc bacteria have on occasion been reclassified into the 
claimed genera, and that in turn these two genera have on 
occasion been reclassified into the other three genera. We 
responded that (1) the evidence was consistent with simple mis- 
identification of the strain by the depositor, (2) 
reclassification of Leuconostoc into Lactobacillus or Pediococcus 
after August 22, 1996 is legally irrelevant; (3) Hugenholtz's 
Leuconostoc genus is still considered distinct; (4) Starrenburg's 
Leuconostoc sp . 60 is definitely Leuconostoc lactis, not a 
claimed strain; and (5) the PTO has not made out a prima facie 
case for identifying Starrenburg's Leuconostoc mesenteroides 
strain 7-1 as Pediococcus , or for asserting that it satisfies 
clauses (i) - (v) of claim 6. 

The Examiner's reply appears on page 5-6 of the office 
action. She says that the taxonomic assignment of the lactic 
acid bacteria can change (ignoring our argument that the ATCC 
catalogue doesn't prove that this occurred) but that the 
metabolic pathways of lactic acid bacteria remain the same. 

There are really several issues here: 

(1) Are there in fact an art-recognized taxonomic 
distinctions between Leuconostoc and the claimed 
genera? 

(2) If such a distinction exists, would the routine worker 
in the art discount such distinctions when seeking to 
make a Pf 1-def ective lactic acid bacterium, if the 
bacterium in question had a lactic acid metabolism 
similar to that of Leuconostoc? 

(3) Are the lactic acid metabolisms of the bacteria of the 
claimed genera sufficiently similar to that of 
Leuconostoc so that the routine worker in the art 
would find it obvious to apply the teachings of the 
Leuconostoc references to those claimed genera? 

With regard to issue (1), we don't think that there is any 
doubt that the art recognizes the existence of a taxonomic 
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distinction between Leuconostoc and the claimed genera. That was 
true in 1986, as evidenced by Bergev's Manual of Systematic 
Bacteriology (1986) , and it is true today, as evidenced by 
Appendix 2 to the second (2006) edition, and by the DSM2 
"Bacterial Nomenclature Up-to-Date" (March, 2006) . 

There may, of course, be a bit of uncertainty "at the 
fringe" . One organism may be confused with another because of 
improper examination. For example, Bergey' s Manual (1986) states 
that "gas production from glucose will separate the leuconostocs 
from the streptococci but this properly should be tested only 
with actively growing strains, otherwise gas production in the 
former may not be evident (1073-4) . It also says that "normal 
streptococcal media are unsuitable for leuconostocs and if used 
can result in misidentif icat ion owing to growth" . 

There can also be organisms which in fact have intermediate 
characteristics so their classification is somewhat arbitrary. 
(Of course, they should still be distinguishable from the more 
characteristic species of either genus.) 

Nonetheless, the utility of the bacterial taxonomy is 
generally recognized. Indeed, the PTO uses it for patent 
classification 1 , implying its relevancy. 

With regard to issue (2) , classification of a claimed 
organism as a different species was given weight in Novo Industri 
A/S v. Travenol Laboratories, Inc. , 211 USPQ 371 (N.D. Ill) , 
opinion supplemented, 211 USPQ 379 (N.D. 111. 1981), aff ' d 215 
USPQ 412 (7 th Cir. 1982) ( Mucor pusillus versus Mucor miehei ) . 
Naturally, higher taxonomic distinctions are given even greater 
weight, see In re Vaeck , 20 USPQ2d 1438 (Fed. Cir. 1991) 
( Cyanobacteria versus B . megaterium , B. subtilis and E. coli ) . 

The mere mis-identification or reclassification of a single 



i See e.g., 424/93.4-93.48, 435/7.32-7.37, 435/36, 
435/221, 435/252 . 1-253 .6, 435/822-910 . 
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strain of Leuconostoc mesenteraides as pediococcus is legally- 
inadequate to suggest use of the claimed genera in place of 
Leuconostoc . 

Absent some suggestion, in the prior art and not obtained 
by hindsight, the routine worker would not "cross taxonomic 
lines" . The difference in taxonomy would lead the routine worker 
to expect differences in metabolism which would affect the 
expectation of success. 

Turning to issue (3), the art would have been aware of 
specific differences in lactic acid metabolism between 
Leuconostoc and the claimed genera. These would tend to defeat 
any suggestion, or expectation of success, which even arguably 
might be created by the classification history. 

It is true, of course, that a particular strain doesn't 
change its metabolic pathways. However, that doesn't mean that 
there aren't relevant metabolic differences among the lactic acid 
bacteria, which are formally defined at page 8, lines 23-32. 

We will now compare the characteristics of Leuconostoc to 
those of the claimed genera, and discuss at the same time the 
alleged cross-classifications . 

Leuconostoc are gram-positive cocci, characterized, inter 
alia , by fermentation of sugar to produce ethanol, D-(-) -lactic 
acid, and C0 2 (Bergey's Manual of Systematic Bacteriology (1986) , 
p. 1071-1074) . 

The Examiner contended that Lactobacilli should be grouped 
with Leuconostocs because the ATCC catalog entry for ATCC 15520 
indicated that it was initially identified as Lactobacillus 
batatas , but is now listed as Leuconostoc lactis ( Lactobacillus 
batatas is not on the list of valid bacterial species names 
compiled by DSM2 is March 2006, see "Bacterial Nomenclature Up- 
to-Date, so we presume this the result of a reclassification) . 

It is not necessary for us to determine whether the genus 
of Lactobacilli is distinguishable from Leuconostoc (although we 
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note that in 2006 it was still recognized as a separate genus) , 
because we have amended claim 6 to excise Lactobacillus . without 
prejudice or disclaimer. 

While excising Lactobacillus , we are retaining 
Bifidobacterium . The Examiner has previously cited ATCC 11863, 
originally identified as Lactobacillus bifidus and now listed as 
Bifidobacterium bifidum . 

As explained in Bergey's (1986) (p. 1217), 

The rod- shaped bifidobacteria, which until 
the eighth edition of Bergey's Manual had 
long been included in the genus 
Lactobacillus as '"Lactobacillus bifidus", 
may be differentiated from lactobacilli on 
the basis of their characteristic hexose 
fermentation pathway which yields lactic 
acid and acetic acid at a molar ratio of 
2:3, but no C02 , instead of lactic acid, 
acetic acid (or ethanol) and C02 at a molar 
ratio of 1:1:1, the pattern of fermentation 
products typical of obligately 

heterof ermentative lactobacilli . 

Bergey's Manual (1986) provides further information on page 
1418, namely, that glucose is fermented by bifidobacteria to 
produce acetic and lactic acid primarily in the molar ratio of 
3:2. C0 2 is produced only the degradation of gluconate. Ethanol 
production is small . 

On page 1217, it comments, on the basis of a 16SrRNA 
dendrogram, "Bifidobacterium, already excluded from the family 
Lactobacillaceae in Bergey's Manual, eighth edition, have proved 
completely unrelated to lactobacilli. They belong to the so- 
called Actinomycetales subbranch of the gram-positive bacteria" . 

The foregoing quotations plainly defeat any argument that 
because the Bifidobacteria were once classified as Lactobacilli, 
and because it can be difficult to distinguish Lactobacilli from 
Leuconostocs based on morphology, that the routine worker would 
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substitute Bifidobacteria for the references' Leuconostoc . 

Turning to Pediococcus . the Examiner relies on ATCC 8042 , 
initially identified as Leuconostoc mesenteroides , and now listed 
as Pediococcus acidilactici . 

In Pediococci , glucose is fermented to DL or L- ( + ) -lactate 
(Bergey's, p. 1075). Again, gas is not formed. This clearly 
distinguishes Leuconostoc in the critical area of lactic acid 
metabolism. 

Bergey's also comments that pediococci are morphologically 
distinct from other lactic acid bacteria. 

It is not clear to us why ATCC 8042 was first identified as 
Leuconostoc mesenteroides (Bergey's p. 1074) rather than 
Pediococcus acidilactici (Bergey's 1079) but we think it 
inappropriate to infer from a single mistake that the Leuconostoc 
and Pediococcus genera can be lumped together, given the relevant 
metabolic and morphologic differences. 

The Examiner has not shown any "cross- identification" 
between (1) Leuconostoc and (2) Lactococcus or Streptococcus. 

The Lactococci were at one time known as the "lactic acid 
streptococci", see Bergey's 1065. The subgroup became a separate 
genus in 1986, see Schleifer et al . , Validation List No. 20, Int. 
J. Syst. Bacterid. 36:354-6 (1986). 2 As noted by Bergey's 1043, 
for streptococci generally, carbohydrates are fermented to 
produce mainly lactic acid. 

Fig. 1 and Table 1 in Starrenburg also evidence significant 
differences in lactose and citrate metabolism, respectively, 
between Lactococcus lactis and two Leuconostoc species. 

The lactic acid metabolism of Leuconostoc is further 
compared to that of the claimed genera Lactococcus, 
Streptococcus, Pediococcus and Bifidobacterium in the enclosed 



2 This explains the changes in classification of ATCC 
7962 and 11007. 
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The distinctions are summarized in the table below: 



Leuconostoc 


heterof ermentative; C0 2 produced 


Lactococcus Streptococcus 


homof erment at ive 


Pediococcus 


homof ermentative ; no C0 2 
production 


Bifidobacterium 


heterof ermentative ; C0 2 produced 
only from gluconate 



Conclusion 

Thus, there is a clear distinction between Leuconostoc and 
the claimed genera, which speaks against a finding that it would 
have been obvious to substitute any of the claimed genera for 
Leuconostoc. Hence, the rejection should be withdrawn. 

Respectfully submitted, 

BROWDY AND NEIMARK, P.L.L.C. 
Attorneys f o^ZQppl icant 



By \ / ^><Z— — ^Jj^^^ 

Reg. No. 28 , 005^""\. 

Enclosure 
-Eric Johansen Declaration 

-Bergey's Manual of Systematic Bacteriology, part. A, vol. 2 
(2d ed. 2005), Appendix 2 (2pp.) 

-Bergey' s Manual of Systematic Bacteriology (1 st ed. 1986), 

pp. 1071-5, 1079, 1217, 1418 
-DSMZ Bacterial Nomenclature Up-to-Date, pp. 13, 37-39, 41, 

55, 70-71 

-pp. 115-16 of Hoier et al . (1999), cited in the Declaration 
-Garvie et al . (1984), cited in the declaration 
-Simpson and Taguchi (1995) , cited in the declaration 

624 Ninth Street, N.W. 

Washington, D.C. 20001 

Telephone: (202) 62 8-5197 

Facsimile: (202) 737-3528 

IPC: lms 
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DECLARATION BY ERIC 30 HANSEN 

Assistant Commissioner of Patents 
Washington, D.C. 20231 

Sir: 

I, Eric Johansen> residing at Gutfeldtsvej 9, H0rsholm, Denmark and employed as 
Vice President, Molecular Microbiology at Chr Hansen A/S located at 10rl2 Boge 
Alle, Horsholm, Denmark, having attained a PhD in microbiology from the 
Massachusetts Institute of Technology (MIT) and having over 23 years experience 
as a professional microbiologist hereby declare: 

My curriculum vitae is attached. 

I, Eric Johansen, have read the office action mailed the 01/05/2006 and the 
pending claims. 

The metabolic pathways of lactic acid bacteria are not the same in different 
species of lactic acid bacteria. Lactic acid bacteria are generally classified by the 
fermentation pathway used to ferment glucose and by their cell morphology. 
However, the lactic acid metabolic pathway, i.e. the way that lactic acid or lactate 
is produced, differs between lactic acid bacteria species. Two main themes are 
known. In homo fermentative lactic acid bacteria, the primary metabolic end 
product of sugar fermentation is lactate; other compounds are only produced 
under exceptional conditions and generally in small amounts compared to the 
amounts of lactate produced. In heterofermentative lactic acid bacteria, the 
fermentation products always include compounds in addition to lactate and these 
are produced in significant amounts; in some cases equimolar amounts compared 
to lactate levels. 

In Leuconostoc the lactic acid metabolic pathway is hetero fermentative and 
lactose is metabolized to lactate, ethanol and C0 2 (Table 4.3 on page 115 in H0ier, 
E., T. Janzen, CM. Henriksen, F. Rattray, E. Brockmann and E. Johansen, (1999), 



The production, application and action of lactic cheese starter cultures, in B. Law 
(ed), The Technology of Cheesemaking, Academic Press, Sheffield, UK, pp 99- 
131). 

In Lactococcus and Streptococcus the lactic acid metabolic pathway is 
homofermentative and lactose is metabolised to lactate (Table 4.3 on page 115 in 
Hoier, E., T. janzen, CM. Henriksen, F. Rattray, E. Brockmann and E. Johansen, 
(1999), The production, application and action of lactic cheese starter cultures, in 
B. Law (ed), The Technology of Cheesemaking, Academic Press, Sheffield, UK, pp 
99-131). 

In Pediococcus the lactic acid metabolic pathway is horngfermentative (Simpson 
WJ and Taguchi H, 1995, The genus Pediococcus with notes on the genera 
Tetratogenococcus and Aerpcoccus, pp. 125-172, in Wood BJB and Holzapfel WH 
(eds.), The genera of Lactic Acid Bacteria, Chapman & Hall, London). 

In Bifidobacterium the lactic acid metabolic pathway is heterof ermentative and is 
characterised by the production of acetic and lactate in a molar ratio of 3:2. There 
is no C0 2 produced by this genus except in the case of gluconate degradation. 
Small amounts of formic acid, ethanol and succinic acid can also be produced by 
Bifidobacterium. Glucose is degraded by this genus characteristically via the 
fructose-6-phosphate shunt. In this pathway fructose-6-phosphate is cleaved into 
acetylphosphate and erythrose-4-phosphate by the enzyme fructose-6- 
phosphoketolase. End products of metabolism are formed by sequential action of 
transaldolase and transketolase, xylose-5phophate phosphoketolase and enzymes 
of the Embden-Myerhof pathway action on glyceraldehyde-3-phosphate. Additional 
acetic and formic acid may be formed via cleavage of pyruvate (Scardovi V 
(1986), Genus Bifidobacterium Ola-Jensen, in Bergey's Manual of Systematic 
Bacteriology, vol. 2, pp. 1418-1434, Edited by Sneath PHA, Mair NS, Sharpe ME & 
Holt JG, Baltimore: Williams & Wilkins). This glucose degradation pathway makes 
Bifidobacterium distinct from all the other species of lactic acid bacteria. 

Thus the lactic acid metabolic pathway in Lactococcus, Pediococcus, Streptococcus 
and Bifidobacterium are distinct from the lactic acid metabolic pathway in 
Leuconostoc. 

I hereby declare that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true; 
and further that these statements and the like so made are punishable by fine or 
imprisonment, or both, under section 1001 of Title 18 of the United State Code, 
and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 



Name: Eric johansen Date: month/day/year h 




2 



TAXONOMIG.0UTUNE OF TOE ARCHAEA AND BACTERIA 



207 



Appendix 2. Taxonomic Outline of 
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Domain ^rc/ratfo^ T 

Phylum AL Cretmrchaeqta^ 
Glass I. flierma^tsi^ 

Order 1; fhennoproteales^ (T) 
Family L- Tfiermofmieateae^ 
Genus K Therrnt^teus^ - (T) 
Genus II. mmmrgd^ 
Genus 111. fyotoadumY? 
Genus IV. Tharmpclc^ium^ 
Genus V.; Wkantsaeta w 
Family II:. Thefmofilaceae^; 
►Genus:!.. th^ofiluimf 9 ^ 
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Family-L u Caldisphderacede " 
Genus L (tildisphaem™ ™ 
Order III. besuljurocqccalesf 1 * 
Family!. DestilfuTococcaceae^' 
Genus I. Desulfurococcus^ ™ 
* Geniis II. Aadilobus™ 
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family I; Mlfolob'aceaet*- 
Genus I. Sulfobbm^^ 
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• -phylum AIL Euryarchaeqia^ 
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GenusIII 
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Genus V; 
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Genus 1.. Methqnocaidpcpccus^^ 
Genus II, Methanotprrts y? 
GteHi. u Meihanpmicr6biq n 
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AL • Approved 1&upVl& v^liaiy published; NP - new proposal appearing in Volume 
Two of Be^'imh^p/Sys^ PHtffi ft 



Genus XVUI. 
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Order I TAem^/asin^flto VP ^ 
Family I. Thermoplasmdtac£ae^ 
teenu&L Th^dpldsmd^ 0 ? 
Family II: z Bim$Hild&aey* 

Genus;l; K^hiliu^™ 
Family III "Ferroplapnaceae? 
Genus Ii Fenppla&na^ 
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Family I. Addimia^qcMeP 

Genus I. Aridhnicrobium™ {T > 

Sul^ass:II. ,Rubrobactmd(ie vp: J 
<Order L. Rubtvbdcterales^ 

Suborder I. *Rubrwbactmncae» 
Family!. Riibrobacteraceae™ 
Genus L %frobactd^' fa 
Genus IL Conexibacter** 



Genus II. 
Genus III. 
^GeriusvIV; 
, .:Gen Us V. 
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. t h c iear centers^ and-granular peripheries.- Ail strains require some 
Cos, but s^i^ ihhibitfid by ^ 
arid fructose arc usually trie only sugars to sur^brt 
dissimilater sucrose, melezitose arid saliciri. Major amo^ 
acid are produced; small amounts of acetic, isobutyric ari& succinic 
acids also produced. Final pH, 5;3. Optimum growth at 35 ? C; some 
growth between 20* and 45"& OptimumpH, 6^-6.6. Requires a Na:K 
ratio of 1. Requires free cysteine or cystine in addition to peptones or 
most yeast exiracts; little or no growth on most oitlinary 
witb^hcefie^ 



The. celltwall peptidogiycan type is- Lys-Ala.^ The major Jong chain 
fatty acip^arehexadec 

Causative: agent of: European foulbrood of the honeybee. Isolated 
from larvae of A. millifera and A. cerana with European foulbrood 

The mol % * C of the DNA -is 29-30% ( 

Further taxonomic commented The: descriptions given above are based 
:on those published by Bailey and Collins (1982a, b). Comparative 
studies of M. pluton with other Gram -ppsHiye cocci, usii^ modern 
numerical, chemical or genetic taxonomic techniquesare not available. 



Genus Leucbnbstoc van 77^ 

JEi^ I.. Garvie 

LUu^nos'toc, Gr, Adj.feucus cjear. l^ht;r MiL. neut. n. Npstoc algal ; generic name; M.L neut. h;> Leuconbstqc 
colorless riostoc; 



Gelfe may ^ be spherical but often lenticular particularly when 
growing; on agar, cellsvusuniry occur in pairs and chains. Gram^ 
positive, nonmo^^ 

Colonies are small usually less than 1.00 mm in diameter, smooth, 
round, grayish white. In stab cultures growth occurs along the stab 
with little surface growth. Broth cultures often have uniform turbidity 
but' strains forming long chains tend to seo^menti Optimum; temper- 
ature'20-30 9 C and growth occurs between 5*C and 30*C. Chemoorr 
ganotrophs, requl ring a rich medium often having complex growth 
factors and amino acid requirements. All species require nicotinic 
acid + thiamine + biotin and either, pantothenic acid oiva pantothenic 
acid derivative. No strains require cobiJamm,.or p-araindoenzoic acid. 

Growth is dependent on the presence of a ; ; fermentable ■. car* 
bohy drate and glucose is fermented by a combination of the 
hexose-monophosphate ; and phosphoketolase pathways^ How- 
ever, thepathway of glucose, ferrnentatidn in i^uconostoc oenos has not 
been fully confirmed. Fructose 1 ,6-diphosphate aldolase is absent, 
and ah active glucose-6-phosphiate dehydrogenase is present.CO* 
and D-nbulose-5-P are formed from glucose. Xylulose 5-P phosphoke- 
tolase is present and the resultmg^end products are ethanbl and b- 
(-)-lactic acid.' Some strains have an oxidative mechanism and acetic 
acid is formed in place of ethanol. Pblysaecnario^sandalcohols (except 
mannitol) are usually not fermented. Malate can be utilized and 
converted to LH+)-Iactate. 

Catalase-negative. Cytochromes are absent; Arginine is not 
hydroly zed and milk is usually not acidified and curdled. Non- 
proteolytic. Indole its not formed Nitrates not reduced Nonhemolytic 



^Nonpathogenic t^ Properties 
separating the species are given in Table 12.26 and further information 
: is given in Table i£27. 

The amino acid composition of the cross-Unking peptide of the cell 
wall peptidogiycan is ^ of the alanine, serine, lysine type (Table 12.28). 
The niol%:G + C ih the DN^^ 

type species is Leuconostoc mesenteroides (Tsenkovskii) van Tieghem 
:187&i91. 

Further Descriptive Information 

Growth conditions may affect ceU morphology, and not all strains 
will be influenced in the same way. Cultured in milk (or supplemented 
milk) ...most strains form coccoid cells in chains. Chain length varies 
with the strain. Cultured in broth^ cells are elongated and can be 
mtstaken ; for rods^ appearing morphologically closer to the lactobacilH 
than to the streptococci; Culturedlon: agar, spherical 'celb^are^seldom 
formed. 

The cell wall of dextran-forming strains contairts.dextran-sucrase 
and the cell wall structure is affected by, growth in sucrose broth, to 
which strains differ in^ their response (Brooker, 1976, 1977). Although 
capsular material- is apparent" in some strains;- a; true bacterial capsule 
is not formed; 

The .composition ;6f the; cross-l^ed peptide wair pepti- 

dogiycan is:giyen:in;TabIe 12.28. 

Growth 1 is never rapid; the activ^strains of £il mesenteroides subsp, 
mesenteroides have the shortest generation tiihe and good jrrowtfrcaii 
be obtained in 24 h incubation at 30*C. On the other hand, L* mcsenr 



Table l2i26. ; 














Diognostk characteristics of the: ^ 










Characteristics 


1. A , 


mescnterotdesi subsp.* 
lb. dextranicum 


— r ^ 

: Xcz crenwrts 


L paramesenteroidei 




A. L penas 


la.> mesenteroides 








{Acid-frora. 














Arabinose 


+ 






d: 




d 


Cellulose 


d 






.(d) 




d 
+ 


Fructose 












Sucrose; 


+ 






+ 






Trehalose; 












-4- 


Hydrbl^isforXes^ 


ft 


d 










Dextran: formation 


+ 








—1 . 




Growth at pH , 418^ 








d 






^Requirement for TJ& 
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Growth ih\10% ethanol . 














NAD-dependentG-6riPDH 




4.: 


4- 








present 















" Symbols: see Table 12:^ also W): delayed reactio^^ 
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Characteristics 



1. L. mesehteroidesi subsp. 



la. m^rifcjw'd<» 



2. JL parnmescnicrvides 31- L. to« 4;,£* oenos 



Acid from 

Amygdaliri; 

Arabinose 

Arbiitin 

Gellbbipse 

Fructose 

Galactose 

Glucose 

Lactose 

Maltose 

Mannitol 

Mannose 

MelibJose 

Haffinbse: 

Ribose 

Salicin 

Sucrose 

Trehalose 

Xylose 
Hydrolysis of esculin 
Requiredfor growth 

Uracil « 

Guanine +:a#nirie : f xari- 

thine + uracil 
Riboflavin 
Pyridoxal 
Folic acid 

Tomato jUice factor 
Destruction of tomato juice, 

factor 
Dextranjfbr^atibn 
Dissimilate citrate (carbohy- 
drate present)* 
DiiraimUate^-mialate 

Norcarbohydrate present- 

Garbohydrate, 
Yeast ghicoseiitmus milk 

Acid clot 

Reduction 

Gas ' ' 
Growth in 

3;0%NaCl 

6;5%NaGl 
Grbwth^atpH' 

4.8;<initiai) 

&5<(initial) 
Growth at37*C 
Final pH in glucose broth 



d 
d 



d 


d 






+ 
d 


d 




4- 
+ 


+ 


+ 




d 


d 


d 




t Ai * 


d 
d 






d 

ND 
d 


ND 


d 

+; 


+ 


- 


d 


+ 
d 




d 


d 




- 


d 


• f 
+ 


d 


d 


f 


d; 


d 


,4 


^; 


A 




+ 


- 






d 




d- 

d; 

•+ 


+ 




a 
d 


d 
d 
d 


+ 

d 


d 






■f 


+ 


d 

4v5 


4.5 


5.0 



d 



(d) 

+ 
+ 

(d) 

m 
+ 

d 

+ 

d 
d 



d 
d 
+ 
d 
d 



d 
d 

d 
+ 

d 

4.4 



+ 

d 
d 
d 

ND 
d 



d 

(d) 



+ 
4.7 



ND 
d 

ND 

a 

+. 
d 
+ 



d 
d 

ND 
d 



d 



d 
d 



ND 
+ 
d 

d 



ND 
ND 

d 

d 

ND 



This may. explain the M 



teroides subsp; crvnwris may ^requu^ 48.h incubation and prefere 22*C- 
to 30*C. The slower growing strains prefer reducing conditions and 
0.05% cysteine HCi added to broth media encourages growth, h oenos 
has many differences from other species ^ 

(inituil pH 4.2^;8) containing tomato jm sl 9 w «* *7- 

days incubation at 22 a C may be needed. Other species of leuconostpc 
wiu notirow in the acidonedia^prefe 

Milk is a poor medium for leuconostocs, atthough most strains will 



grow in milk supplemented with yeast extract and glucose. L. mesen- 
terbides sxihsp. mesentcrduies usually acidifies and clots milk raediia 
with gas formation, while pther species, are less active and L parame- 
senteroides and other species with a high requirement for amino acids 
(ail to clot milk. Nutritional requirements vary {Garvie, 1967b) Table 
12.30). L. oenos will grow with a very high level of pantothenic add but 
prefers a gluco-derivative of the vitamin; probably 4'<y-(0^glucopyra- 
nosyl)D-pantoimenicacid(Am 



i 
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Tablel2.28. 

Amino acid seguerice of Uuz interpept^ of 
thegenusLevLConastoc? ' 



Species 



Pcptidoglycan 



la. L rnesenterpides avbsp. 

mesenteroides* 
lb. L. mesenteroides subsp 

dextranicum 
lc. L mesenteroides. subsp: 

cremoris: 

2. . Lpwdmescnterbides 

3. Ltactis 

4. L. oenos 



L-LyB-L>SerrL-AJn 2 ;,L-Ly9-L-AJa 2 

L-Lys-Lf Ser^ l- Ala ? 

L-Lys-LrSer-t-Aia^ 

L-Eys-t-Ser-ii-Alai; i;-Lys-L-Aia 2 
L7Lyi-LrSferrLrAia 2 ; LTLysrL-Alaa. 
U«Lys-L-AlaTL-Ser;*L-Lys-L-Sejr-L^Si6r 



8 Adapted from\V..H. Holzapfei, Inaugural dissertation ider TechriischeriHochschule, Munchen,. 1969. 



Table 12.29. 

Mdl%JG ; r¥ C of, the DN A of- the Letteonostoc-specxg5° 



Species 



-T m .and buoyant density • 



1. ; L mesenteroides 

;a. ..Subsp. mesenteroiiiss 

b: Subsp. dextranicum 
c. Subsp/ cremoris 

2. L. focf is 

3- ,L. paramesenteroides 
4:-;JL oeno* 



37-39,: winsome 

strains 40^-41 
37-40 
3SM0 
43-45 
37^38 
37-39 



"Cdinpiled- from Garvie et at. 
(1977). 



(1974) and Hontebeyrie and Gasser 



encc on this growth factor varies with difle rent strains, but most strains; 
wi 11 destroy i t when present in media. Other species. of Leuconostocdp 
not attack -glucopantotheriic acid (Garvie and Mabbitt, 1967). 

JL mesenteroides subsp. mesenteroides requires only glutamic, acid 
and valine whiteother subspecies and species require a variety of ammo 
acids, the requirements varying with the strain (Garvie, 1967b). 

Leuconostocs are: dependent oh the presence of a* fermentable car- 
bohydrate; and fermentation, ability, varies in different species (Table 
12:27), Giucpseris used by all species but fructose, is prefered by all 
except L. mesenteroides sub&p; cremqrisi Glucose is phosphorylated and 
all species' have ah active glucoses-phosphate dehydrogenase (G-6- 
PBH). In species. L-3, NAD or NADP will; serve as ; coenzyme .with a 
preferencei for the former but in L. oenos the^-iBrPDH is active only 
with NADP (Garvie, 1975)/ Gluconate: is decarboxylated and pentose 
converted .'to- D- (^lattate and ethanol ^by the phosphoketolase path- 
way; Acetate asrweil as ethanol may. bej formed by some strains. The 
p-(— )-lactatb dehydrogenase^ (I^H): o£L. oenos migrates sldwly^.on 
electrophoresis arid there: is ey^enceoiToUfferences between strains: 
The LD H of other species has a fast migration which is the same for 
them all (Garvie,, 1969). Immunological studies^ have separated, the 
LDHs and-G^PDHsioiF different species^ More than one type- of. these 
enzymes has been found in different strains of L. mesenteroides subsp. 

and Gasser, 1975). 

Early work, indicated that most leuconostocs dissimulate dtrete 
(Hueker-and Pederson, 1930). This , property appears to be lost; in 
strains kept iin the laboratory, but is important : in: strains ^ 
componentsvoT^ L. oenos 

can alsOidissimilate citrate; Malate is attacked by L. oenos and also by 
L. mesenteroides subsp. mesenteroides Information on other species is 
.lacking; Malate is converted to L-(+)-lactate, and air LDH is hot 
involved (Alizade and Simon, 1973; RapUer^ 1975). It is; important to 
exclude malate from media . used for cultures, when the type of lactic 
acid produced from glucose ii to', be determined. Acetate and tartrate 
are; not utilized. 



Thcmol%G + 0 in.the DNA of I+ Jdc fe is^3^5 while:tKat of other 
species; is; 37^-40. Therev-are indications from- the values obtained that 
b. mesenteroides- subsp. mesenteroides is, a heterologous subspecies 
(Garvfo etaL. 1974;. Hontebeyrie and- Gasser, 1977). This situation is 
confirmed by DNA/DN A. hybridization studies (Garvie; 1976; K Honte- 
beyrie and Gasser, 1977); Thaddition h'ign hybridization occurs between 
the DNA of the three species* L mesenteroides, b. dextranicum and \L 
cremoris, showing; that .they. belong; to a single, genospedes, ,as put 
forward by Garvie (1983 ). The other species are clearly identified;(Table 
12.31). RNA/DNA hybridization separates L. oenos from the other 
leuconostocs which, all belong to a single RNA group (Garvie; 1981).- 

Phage attack on L; oenos may occur in wine making, and bacterio- 
phages have been described (Sozziret. al. 1982). Bacteriophage for L. 
mcsen/eroicfe^is reported (Sozzi et:al. 1978), but very little is. known. 
. about bacteriophages attacking, leuconostocs. 

Sensitivity to antibiotics . and drugs ; is unknown- as no species are 
pathogenic; 

Leuconostocs -are found on plants arid to a lesser; exten t in milk and 
milk products. L. mesenteroides- subsp: cremoris and L iactis may. be 
* components of cheese and. butter starters. Dextran-forraihg species : 
occur on sugarcane; and -sugar beet, where; they may cause i widespread 
spoilage. L. oenos is known, on no other 

leuconostoc has .been isolated from these sources; 

Enrichment and Isolation-Procedures 

Leuconostocs on plants can be isolated on media containing thallous 
acetate- and crystal violet (Cavett:ct al. 1966).. Enrichment in broth 
may be necessary before plating on agar. Citrate-utiUzing strains in 
dairy starters can be isolated on whey :agar ( Gales loot et:aL 1961) and 
L: oenos cs^Me ^ isblatedion tbmaro juice agar with initial pH below '4.6 
with cyclohexamide- to inhibit yeasts (Kunkee, 1967)., Growth of L. 
oenos on: agar may be p^rsand 'growth in. broth often slow. 

MaxrtenancktRrocedures 

All species can te^presewed by lyophiliza^ %$% 
glucosev bu£cells)bf an actively growing culture in late logarithmic or 
early stationary phase should be used. Care Fs needed with L. mesen- 
teroides subsp. cremoris and oenos. It is important to wait lor high, 
turbidity in a culture before. lyophilizati on. Once. dried, cultures can be, 
keptuhder vac^mtat 10*^ 
optimum growth conditions- 

, Nonacidophilic species can -beykept>fot:3^ ^months in litmus -milk.+- 
6:3% yeast + . 1 %• glucose .and; 1 % calcium, carbonate Preliminary 
incubation for, 18V24 or 48 h (depending; on the . strain); at: 30*C is 
necessary before storage. L. ■oenos can be kept in tomato juice -agar 
stabs; 

Taxonomic Comments 

Leuconostocs occur in tlic same habitats as lactobacilU and lactic 
streptococa Gas production from glucose will separate the leuconos- 
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Table 12;30: 

Growth factor requirements- of ^ Eeuconostoc species? 



I . L ; mesenteroides^ subap; 



Characteristics 



la: mesenteroides 



lb? dextranicum 



lecremoris 



Zliparamesenterdidcs: 



3:>£» tactis 



4 . JLoenos 



Uracil , .. 

Guanine '+] adenine.-f ^xanr 

thine + uracil 
Riboflavin 
pyridoxai : 
Folicacid 

TweenSO 

- Symbols: see Table; 12:2. 



d 
d 
d 



■+* 
+■. 



+ 

+: 

a 



d 



Table 12:31. 



.Species; 



Labeled 0N A from 


h, mesehteroides>< 


L. lactis 


JL paramcsenteroides 


85-100 


35-50 


20-50 


8-22 


46-78 


90-100 


20-50 


8-22 


85-100 


38-50 


I9r30 


7-19 


78-100 


,46 


24^35 


5 


32-47 


40-60 


70^100 


9-46 


11-16 


17-21 


6rl4 


60-100 


11-15 


10 


2-11 


5 



L. mesenteroides 

L^dextranicum 

JLcrembris^ 

Lilactis 

Ii : paramesenteroides 
Loenos 



.A 
B 



0 There^are; indications; that the?£, mesenteroides/ L. dextranicum group contains niore than two genotypes. 
*Gompil<&:f^ 



toes from streptococci W be tested only with 

actively growing strains, Qthew^ ik the former, may 

not be evident; Normal streptococcal media are unsuitable for leucon- 
ostocs and if used can result in misidehtificatibn owing^to p^r growth. 
Type of lactic acid produced also separates the^ 
ostocs from; Lr(.+)-fonnmg<streptococcL 

Separation of leuconostocs from gas-forming lactobacilli is not easy 
(Sharpe et al.,1972). Morphology can overi^^^ 

does not hydrolyze argihihe, forms predominantly p-X i -)-lactate but 
some Li(4f)-is usually found, and has a mol% G * C in its'DNAbetween 
that of X. mesenteroides^nd}L. l^u^O^pr^y^cel^ of Lactobacillus 
mridescens-are more elongated than those of any leuconostdc. Lacio- 
baxiUuS'Conft&us usually bydrolyses G + C in 

its DNA similar to that of Rlac^and lornis^bLilactatei^ - 

Early classification relied, heavdly on morphology and: the r leuconos^ 
toes, being more coccoid than rod-like were placed with the streptococci, 
while the heterofermehtative species with cells more rod-like than 
coccoid (heterofermentaU ve lactobacilli) were placed with the: homo- 
fermentative lactobacilli: Tlie significance of the physiological similarr 



ities between the leuconostocs and heteroifermentative^lactobacilli, in 
particular Lactobacillus confusus and Lactobacillus viridescens, require 
reassessing. These latter organisms have similar LDHs -and cell wall 
peptides \to leucOT different DNA and RN A ho- 

mology groups. However, the nonacidophiilic leuconostocs mesenter- 
Otftes, paramesenteroides and tactis appear to have more in common 
with ^tofctf/ufivCon/usus and Lactobacillus uiridescens than with L 
berios. 

The nomenclature of the genus^^ in detail in the 1 last edition 
has been modified because of the results of enzyme studies ^and DNA/ 
DNA homology. These studies haveshown that L. mesenteroides con- 
itauiis three subspecies- ^ dextrariicumatid cremdris. 

The change in status; of ; £ dextranicum and L cremprw: i^cuscussed 
elsewhere (Garvie, 1984)1 

FurtherlReading: 

Garvie, E.I. 1984. Section of species of.the gwus ^ 
entiation of the leticonostc^from other lactfc acid bacteria. Methwls Microbiol, 
/6;:147-178. 



List of species of the 

1. Leuconos^ mesenteroides 187$; 
198/'' (ytscococcus mesenteroides Tsenkovskii 1878, 159;) 

; me:sen.ter;oi'desi Gr, n. mesenteriwn the mesentery; Gr. m aides 
form, shape; M.L. adj. rr^enteroides mesentery-like. 

Morphology asM^ 

la. Leucpnostoc mesentewidey,mbsp^ mesenteroides: (Tsenkovskii) 
van Tieghem 1879 198.^ A characteristic slime of dextraa is formed 
from sucrose, the production being favored by growing at 20-25*G. 
Different colonial types are formed on sucrose agar depending on the 
characteristic . chemical structure of the dominant type of dextran 
formed. These differences havemotp^ 



Some strains produce a heme^requiringcatalase (Whittenbury. 1964). 
In glucose broth cells do not survive heating. to 55*C for 30 min but 
in slimy sugar solutions they may withstand heating to 80-85*C. 
Tempe rature range 10-37*C, optimum 20^30 
The mbl% G i G of the DNA: see Table 12.29. 
/fypestraiKW^ 

lb. Leuconostoc mesenteroides subsp. dextranicum (Beijerinck) 
Garvie 1983, IIS/'* (Leuconostoc dextranicum (Beijennck) Hucker and 
Pederson 1930, eiiLactocqccus dextrn^tcus BiBijerinck 1^12, 27;) ! 

idex.tra' nLcum; 
\ icuOTrelating to dextran. 
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0 «fe s and requires aifew ^f^^^Same^r la: 
Optimum ^^^^ 

lc wucprws . 18 ;v P (Xeuronost bc crcmoris.(Knudsen.and bo- 
1929* 81-) . as**»iim-L ceri no/crmori^ of cream. 

^strain.da not ^a^f tim^l^in soft *ar, 
^^^KSSSSSS^ .^number of 

aturepf 18-25'C for.growth. su bsp. mcsentcroides 

mm-*1^^^^S£tS^ from milk. 

^^^^^ 



% teueonostpc WTO^ - resembling; MX. mesenter- 

mesentewides. . . 

^t^S^S^ ^^ ****** 
arelcomplexiahd variable. 



i.- ■ rrrnu, well at 30"C but some prefer: reducing conditions 

( ^^Si^t„^te^ 

- • fmm foods containing higbJevels of salt 

with ^ in ;.^ 1 P" ra J^ COMi ^ n ondextran.forming.»ar, 
^ ^„Sr Tt wouldWdWlculttt 

notypic tests: 
^strmn-NGPOSOa. 

3: I^ubonostdc IacUs Garvie WoO. m^ 
lac milk; L. gen. n-.tecmofrndk. 

^ C i»a^^ 

6t HeSstanco is higher than in other species and cel^may survive 

few and are mosUy from dairy sources, 

4 Lfeuconostoc oenosGarvie 1967a. 431. AL 

from .th^-tftropo^-.*^';^^-^^.^^ &mir 



EUEN I. JSAPyiE 

^ _ r „ rnrrusa henv- M U masc. n. midaxxus. coccus growing 
Pe^:o.coc'cu S : Gr. n. fKd/um a piano surface; Gr. n. coccus a berry. M.L. 

Inone^ane:' - - 



^rnS^SS^ anaerobes, 
toierance.^ oxygen v^ndi^ 

Colonies vary in size .from W^™^ the stab with Utile 

*hi% « ^alt have uniform turbidity. 1 All 



Growth is dependent «.„ the ^^/g™^^ 
bphydrate and glucose ^ 

can^e formed. f ^ r „ mes a re absents Milk usually not 

reduced: Sodium hippurntc not hydrolyzed. ivonjwu.yis 
^ anim .W.o ,W TiNA i4nn *e:n.nge 34-42. . (TJ. 



PEbiocoecus 



1079 



3. Pedibcoccus inopinatus Back 1978a, 245. m 
in;d;piii;a'tus. h. adj. inapinntus unexpected 
Morphology as general description. 

On agar, ; growth is slow and colonies niay ; take 3-5 days to develop. 
The final: pH in MRS broth is abqut;4«0. ~ 

There is; a close; similarity; between P. inqpinqtus ah& P^pqruuU& 
which both occur in the same habitat DNA/DN A hybridization showed 
some relationship between the two species and, also to P. damnosus 
. (Back andiStockebraiidtU978). 

mmol%:G+,CoftheDNA 
the other pediococcus^spec^ 

Further separation of ^pcuvuius md P, itipp 
the electophoresis ^ 

Habitat: fermenting vegetables and beverages (beer and. wine) 

4. Pedibcoccus dextrin icus (Coster and White), Back.l 978b, 523;** 
(Pedtococcus cerevisiae subsp . dextruueus Coster and White 1964, 29 ) 

dex.trih 'ileus. MJi. xudexirirwsurn^extTiiL M.L. rieufc adj. idextrih- 
ic^—relatihgta dextrin. 

Morphology as; general desenpt^ thaii , previously 

described species. .Golbhies will develop on agar aerobically but growth 
is improved in; an atmosphere of H» + : 10% G0 2 . 

In MRS hroth the final pH; is alsout 4:4 

Optimum pH for growth, 6.5. Optimum temperature 30-35*G; 

Growth requirements have not been studied. Growth occurs in weakly 
hopped beer: 

Habitat: fermenting vege tables and beer. 

The mol%G + C-of the DNA is 40-41 (7 r „): (Back>,l978b). 

Type strain: DSM 20335, (NCDO 1561;. ATCC 33087). 

5. Pediococcus pe^tosaccus Mecs 1934^ 96;^ 

penaasa^ceius - M.L neut mpentosum— a pentose sugar.,M:L.,adj. 
penfc^accus^relating: to a pentosei 

Morphology, and colonial iappearance as. general description: 

Anaerobic incubation is not necessary and colonies should be visible' 
on agaraffcer incubating- aer^icaUy. fbr 24:h at 30*C^ 

Litmus milk reactions v are variable and 'may be related: to growth 
requirements. The. requirement %.fblmic,aci^ 

A limited stwdy of th"e ; aiablases found in pediococci have shown -that 
P./pen*asaccus=and;P. acidilqctici eae closely related species' whiclrare 
separate from P paruu^ThoTe is some evidence that not all strains < 
of :P. pentosaccus have the smije aldbl^e (London 

In broth gip^ 
usually below 4.0. Optimum pH :^ 

32*C. I^w heat resis(^nce, cells being o^stroyeci;at 65TC in 8 min. 

The rapid'growth, low final pH and absence. of cytochromes distinr 
guish.P. pen^ceiisfrom micrbcoccLtP. penfosaccus could be confused 
with micrococci as'it :can -form small colonies on sugar^free ; agar and 
can grow,at pH 9;0. It may also be weakly catalase-pbsitive when 
in a medium with low: glucose! content ( Whittenbury 1964 ); 

The;mpl%: G + C of the DNA is 35^-39 (r„) (various.authors). 

Type s^rom: NCDQ ^ 

6. Pediococcus acitiilactici Lindner 1887, 440,^ 
a.ci.dUac ti'ci M L. n qcidium iacticum lactic acid. M L gem n 
acijdilactici of llactic acid/ 
Morphologicali c^tuxal and 

&W&^iP. : 'j^^ 
'Optimujn^m^p^tumor^^h 40-jC., 

Heat tolerant, destroyed at 7<TC in 10 mih whHeisome strains may 
be. even more heat tolerant particularly when ' freshly isolated. 

Therao^ DNA/ 
DNA hybridi^tion sho^ 

Stockebraiidtrl978; DellagUo et: aL, 1981), while studies of aldolases 
suggest that;P,pcni0jSfd^cu5;and;P. ^/^feri/arexlbsely related.. 



Type strain; NCD0 .1859. The reference; strain used by Dellaglio et 
al^ 1981) -was. ATCC 25742. The .work on DNA/DNA ^SSdon 
suggests thatvNCD0 l&59, the, type strain of P acio^^-is a^train^ 
of^/wn^o^oce^. The. Juc^ciM 
NCpQ l£59^with : a mbre;suitable^straih;. 

rn eariy work hpento$dccits : and, KacidUacUci were notseparated 
and the properties given may be a combined, study of both species. 
DMA and enzyme studies clearly separate the two species, but when 
tfesecharacteri^ 

^Pedioco^ 

haho.phi'lus. Gr. n. ^^ salt, Grl M£ phitus. loving. MX. adj. 
halophilusisaltibvihg. 
Morpholpgy.as general description. 

Growth on agar is slow and colonies develop aerobical ly. ~ 
Grow^ in b^roth is al^ 
m ; fihal pRis-about^O and^turbic^ 

species. MecUa suitable for the acid-tolerant^; species i dd' not support 
good growth of P. hatopfulusyvfiiich has an optimum pH for growth 
between 7:0 and 8.0 andioptimum temperature 30^35'G. 

Growth will take place in : 18%^ 
(Sakaguchi 1958). 

The ratio of D^(-j : l>(-r;) lactate formed by. ; ciiitures growing on 
glucose is about :3f97. 

Growth takes place in hopped wort at pH above. 5:5 (Sakaguchi 
1958). ■ \ ■ ' 

The moI% G + C of the DNA is 34-36%: (TJ (various, authors) 
Type strain: NCDO 1635 (ATCG 33315; DSM 20339). 
Comment: In a comparative study of Uie saltrtoierantpediococci and 
spine aerococci,,Deibel andNiven (I960) found that the tetrac 
brine;were the same as P r haU>philus. but considered the strains to be : 
Aerocqcctis homari. {Pediococcus^homari, Aer6c^cus mridans). Clearly 
the. relationship between these species^ ^ xequries^clarification, as does 
their relationship^ P.: urinaee^ui (see comment /aft urinaeequi). 

& Pediococcus urinaeequi; '(ex Mees) nom; rev. . 
V.ri'riaere.quL L. fenii m uriric-T urine. L. ma&.n. c^iis— horse: MiL. 
;geri; n.. i/nnae-egwV horse urine. 
. Morphology, asigeneral description: 

Growth is -generaily improved if the initial pH. oEthe medium ns 
alkaline; Optimum pH is between 8.5 and 9:0 (Nakagawa a^d Kitaharai 
1959) although growth will take place in ^ an initial pH of 

6;5-7,0; The final pH k about 5.6 (Gunther and White, 1961). Optimum 
temperature 25-30"C. Groy^ can occtu* in mediaiwliich do , not contain 
a^ed carbohydrate (Saicag^^ 

!>(+) -lactate: is formed from glucose. The LDHs have ;not. been 
studied: Tt is not known whether a trace-of Dr(^)vlactate is formed; as 
with P. halqphUus. 

The mbi % G ;+ C of the DNA is: 39 ; 5% :(r m ) (Saka^chi and. Mori, 
1969; Dellaglioetal. 1974); - 

The species - does • not appear Xo be, widely distributeclHarid reported 
isolations arc few. 
f&stoimXiCDb 1IS36 (ATCC. 29723; ; DSM' 20341), 
Comment; The teohomic position oifpi urinaeequi r^uires =claiifir 
catibn-.There are similarities with P. haJapMUs ^ut the ^ composition of 
the cell wail rourera and salt tolerance are different, Gunther and 
White (1961), placed P. urinaeequi as a^ variant of their Pkcereuisiae 
bu^Whitten^ 

known that these/species havc^the sa^ 
peptide. There.is. no DNA 
either Pshalophilus or^A. 

strains.identified -as Pediococcus Jwmari % yirufahs) had: high BnA 
homology with & urinaeequi. 

More wprfrjis ^cessary /ffo clarify the taxonomy of the ' alkaline-, 
tbIerajit:tetrad s forming cocci., Meanllme^ 
used. 
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Differenti^ibnfrom Other .Closely Rel^ea^Taxq 

Lactobacilli are^metabolicaliy very siniUar to the other genera' of the 
so-called lactic acid:bacterjai Only their rod shape readily distinguishes 
them from t^ 
citSi However? 1k^^ 

bacilli form cpccoid rodsiand may be confused: with J^uconastoc. These 

Bp^ies are differeh 

lactic acid ^ : .irai:pC^iM|^M^ 

Strams^of .Sti^^ 
alsorbe^cpnfused w^ 

may require nucleic,acid . hybridization as i n .the case of Li xylosus /and 
U L. hqrdntae" both of which have been shown to belong to the genus 
Streptococcus /(Garvie et al.,^98i;:Khpper-B 

The rodVshapecj bifidpbacteriai which until the eighth edition of 
Sergey's Mantia/ ' had vlong been included. in the:genus Lactobacillus as 
^ Lactobacillus bifidus, n may be differentiated. from lactobacilli on the 
basis of their characterise 

lactic, acid andVacedc/a'cid^at a'mplar; ratio of 2:3; but ; hbfGO^ instead 
of lactic acid; acetic acid (or ethanol) and CO j f at ra molar ratio of 1:1:1, . 
the pattern: of • fermentation products: typical . of pbligately « heterofer- 
mentative- lactobacilli. 

Taioriomic Comments 

The species of tte^ 
Streptococcus form a superduster within the so-called Clostridia sub- 
branch ipf the Grarmripsitivie: bSacterja, as shown, by oligonucleotide 



catalc^hg of their l6S'rRNA (Fig. 14.4; Stackebrandt at al. t 1983). 
Bifidobacteria,, already excluded from the family Lactobaciltaceae. in 
Berg&'s Manual, eighth edHtipn; hayeproved tp be completely unrelated 
to lactobacilli: They belong to the so-called actinomyce tales subbranch 
of the -Gram-posit^ 

The neighborhood of the lactobacUlus:supercluster;and:the straptOr 
coccus cluster; and their position at the Clostridia subbranch which 
also contains the aerobic bacilli (Fig;44:4) is in accordance withiOrlar 
Jensen^conc^ group . of closely related 

micrpaerophiiic genera. Howeyerf there is;orily. limiteoV agreement be- 
tween; the results obtained by oligon^ei^de^catalo^hg^ arid ■the phy- 
lpgenetic. implications p£s^logical;stui^ 

malic enzymes (London, 1971), fructose 1,6-diphospbate, aldolases 
(London and Kline, 1973; London and Chace, 1976) ''^id^om^^ 
hyA 3-phosphatedeliyo^g^ 
lacticatidte^ 

basis of the two .techniques; only, the very close interrelationship 
b^twean the four gehera' 6 

common progenitor;!* certain; Different results: were; obtained not only 
reading the : rd^ bacteria and other 

phylogenetically more distant genera (£i*bacrera*ro; Propionibacterium, 
Brochotl^>Ac&leplas regardingthe relation.^ 

skip within .the lactic acid bacteria^ The immunological grouping: indi; 
ca^svaiio^relationsnip : ; lfei^«n-'sW]^^™d;the:-4 casei group 
(London and Chace, 1983), whereas, on- the baais of thea6S;rRNA 
cataloging only r^>r«rfcsfi"vea: off^.^»:ShWoai^, but not 
memterebfth^ 
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Figure 14 4 Dendrogram of relate ^"Wf^ 
Ped/ococcus, Streptococcus, KurthiaJ&tridium^P *» 
values (16S rRNA cataloging: Stackebrandt etal, 1983), A. actinomycetales subbranch, B, . Clostridia subbranch 
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SECTION 15., IRREGULAR NONSPORING. GRAM-pOSITIVE RODS 



/swollen ends; After prolonged incubation, they usually fragment into 
diphtheroidal or cdccoid elements of varied size and shape. 

The cell wall contains glucosamine, muramic ...acid, alanine, glutamic; 
acid; lysine, ornithine, and aspartic acid. Rhamnose is the predominant 
cell wall sugar, but glucose and fucose may be present in trace amounts. 

Microcolon ies on agar media and initial growth in liquid media are ; 
usually filamentous. Mature colonies are small, opaque, smooth, entire, 
convex, with; a dark^ central region; Rough: colony variants occur occa- 
sionally; Pigmentation is not evident In liquid media, growth is gran- 
ular, or flocculent forming a white sediment without turbidity. 

The optimum growth temperature is approximately 30 *C; poor or no 
growth at37*C. i 

The organism does not grow on media lacking organic nitrogen. In 
addition, little if 'any growth is obtained in certain chemically defined 
media or media containing simple peptones. 



Other descriptive: and differential characteristics are listed in Tables 
I5.47;and 15.49. 

Using the fluorescent- antibody technique * . no cross-reactivity was 
observed between "A. humiferus? J and other Actinomyces or Rothia 
species. A slight cross ^staining obtained I with Coryn^cterium(Bacter.- 
ionema) matruchdtii antiserum was considered nonspecific. 

The natural habitat of U A. humiferusV appears to be organically rich' 
soil from which the organism may be recovered in high numbers. 
Experimental infection could not be induced in mice after intraperito- 
neal injection of washed saline cell suspensions. 

The moi % G + C of the DNA is 73 on average (density gradient). 

Type strqm: fAtfCQ 25174./ 



Genus Bifidobacterium Orla-Jensen 1924, 472^ 

VlTTORIO SCAROOVI 



Rixis - of i various shapes: short, regular, thin cells with pointed , 
ends; coccpidal regular cells* long eells with slight bends or protuber- 
ances or with a large variety of branchings; pointed, slightly bifurcated 
club-shaped or spatulated extremities; single or in chains of many 
elements; in star-like aggregates .or disposed in "V" or "palisade" 
arrangements. Colonies smooth, convex; entire edges, cream to white, 
glistening and of soft consistency. Gram- positive, non-acid- fast; 
nonspore- forming, nonmotile. Cells often stain irregularly with 
methylene blue. Anaerobic; some species can tolerate 0 2 only in the 
presence of Cp 2 ; Optimum growth temperature 37-t41*C; minimum 
growth temperatures 25-28' C maximum 43-45°C. Optimum pH for 
initial growth 6;5f 7.0: no growth at 4*5— 5;0or 8 0-8.5 

Saccharoclastic. Acetic and lactic acid arc formed primarily 
in the molar ratio of 3:2. rC0 2 is not produced (except in the 
degraSatipn of gluconate). Small: amounts of formic acid; ethanol and 
succinic; acid, ar^ Butyric and propionic acid are not 

produced. Glucose is degraded exclusively and characteristi- 
cally by the fructose- 6-phosph ate shunt in which fructose-6-phos- 
phoketolase (F6PPK-EC 4.1:2:22) cleaves fructose-6-phosphate into 
acety lpbosphate and erythrose-4~phosphate; End products are formed 
through tne^secj^ential action of transaldplase:<EC 2,2.1:2), transketo- 
lase CEC^iiil^.xylulose-S-phosphate phosphoketolase (EC 4.1.2.9) 
and enzymes of EMP acting on glyceraldehyde -3 -phosphate. Additional 
acetic and formic acid may l)e formed through a cleavage of pyruvate. 

Gluc^s^irpt^pte} idehyclrpgehase (EG 1:1- 1149, NADP+- or 
NAD^dependent) generally not determinable. 

G&talas%hiegati^ indicum and B. asteroides aze cat- 

alase -positive when grown in the presence of air with or wfcKout added 
heraih. 

Ammonium Is generally ut^ized as a source of nitrogen: 

The G + C content of DNA (Bd or T m ) varies from 55-67 mol%.. 

The organisms occur in the intestine of man, various animals and 
honey-bees; found also in sewage and human clinical material. 

Type species; Bifidobacterium ^ 
;472. " " r 

Morphology 

The cellular morphology and its variations, as affected ,by different 
cultural conditions, have been widely investigated (see Poupard; Husain 
and Norris, 1973, for references). However, recent discoveries of new 
'speciesi from a variety of habitats rhave permitted a^clearer picture- of 
the morphology of the genus. 

A comparison of the;, cell ; m^^^ of strains 



grown anaerobically (GasPak sy^^ 

phytone-yeast extract niemum (TPV) showed that some species had 
distinct cell shapes or arrangements which might be. of help in their 
recognition; theses traits are reported in Figs. 15.96-15:98. 

Outstanding are the well known amphora-like cells of B>. bifidum 
(Sundman et ah, 1959) (Fig. 15.96A), the V or palisade arrangement of 
cells in B, angulatum (Fi£ 15.960); the linear groups -of globular 
elements in B. :OitenuUitum\$ 

cells in Bt pullorum (Fig. 15;97A|, . the middle-enlarged cells of £. ; 
animalis (Fig.. . 15.97B L the large cellular dimensipns in B: magnum 
(Fig. 15.97£>)> the small cells of B; minimum (Fig. 15.97F), and the 
unusual starlike arrangements of cells in BXasteroides (Fig. 15;98A). 
The xielhjlar shape most frequently encoun^d in those species not 
Mving distinct morphology (see Table 15.50) as observed in TPY stabs 
(see above), b 
species description. 

B. asterotdes (starlike clusters) and B. indicum (small rods or coc- 
cabacilii), the species with the niost nonbifid^like morphology in the 
classic sense/ show features common tor the .morphology of the; other 
bifids only when "grown in nutritionally deficient media (Scardovi and 
Trovatelli, 1969), which seems to be a general trend in this group of 
bacteria (Sundman and Bjorksten, 1958; GUck et al., 1960). 

The most extensi ve study of icellzw^^^ ofbifidobac^ 
terra hte been made by (X Kandler and collaborators (reported later in 
Table 15.50). Closely related species can be; pearly cliitihguisheci oh 
this basis, Le; B bourn fiQm B. thermophilum or:B, minimum from B. 
subtile. 

On the basis of murein structure, bifidobacteria . are more closely 
related to Loctobacillaceae than to Actinomycetaceae (Kandler and 
iauer, 1974)^ 

Lipid Cellular Composition 

Some species oT Bifidobacterium and Lactobacillus were studied by 
Exterkate ^ in polyglycerol phospholipidsfahd 

ennnpacyj pto of help in mffereh-, 

tiating the two genera: The effects of growth conditions on the lipid: 
and ionic composition of & oi/idum subsp, pennsylvanicum have been 
recently stucUed by Vcerk^ (1977a, b). ; 

.UUrastructure 

The ultrastructure of bifidobacteria has received little attention. 
Overman and Pine (1963) first reported uliUrastructure micrographs of, 
B: bifidum subsp. pennsylvanicum. Recently, Zani and Severi (1962) 
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BALNEATRIX 43:624 
Balneatrix alpica 43:624 

BALNEIMONAS 54:631 
Balneimonas flocculans (corrig.) 54:631 

BARTONELLA 

Bartonella alsatica 49:287* 

Bartonella bacilliformis 

Bartonella birtlesii 50:1978* 

Bartonella bovis 52:388* 

Bartonella capreoli 52:388* 

Bartonella chomelii 54:219* 

Bartonella clarridgeiae 46:836 

Bartonella doshiae 45:7* 

Bartonella elizabethae 43:785* 

Bartonella grahamii 45:7* 

Bartonella henselae 43:785* 

Bartonella koehlerae 50:423 

Bartonella peromysci 45:7* 

Bartonella quintana 43:784* 

Bartonella schoenbuchensis (corrig.) 51:1563* 

Bartonella talpae 45:7* 

Bartonella taylorii 45:7* 

Bartonella tribocorum 48:1338* 

Bartonella vinsonii see: B. vinsonii subsp. vinsonii 

Bartonella vinsonii subsp. arupensis 50:3 

Bartonella vinsonii subsp. berkhoffii 46:708* 

Bartonella vinsonii subsp. vinsonii 43:785* 

BDELLOVIBRIO 

Bdellovibrio bacteriovorus 
Bdellovibho starrii -> Bactehovorax starrii 
Peredibacter starrii 
Bdellovibrio stolpii -> Bactehovorax 

BEGGIATOA 

Beggiatoa alba 

BEUERINCKIA 

Beijerinckia derxii see : B. derxii subsp. derxii 
Beijerinckia derxii subsp. derxii 
Beijerinckia derxii subsp. venezuelae 31:215 
Beijerinckia fluminensis 
Beijerinckia indica see: B. indica subsp. indica 
Beijerinckia indica subsp. indica 31 :215 
Beijerinckia indica subsp. lacticogenes 31 :21 5 
Beijerinckia mobilis 

BELLIELLA 54:69* 
Belliella baltica 54:69* 

BELNAPIA 56:56* 
Belnapia moabensis 56:57* 

BENECKEA -> WBft/O 

Beneckea alginolytica = Vfibrio alginolyticus 
Beneckea campbellii Wbrio 
Beneckea gazogenes -» Mforio 
Beneckea harveyi Vforio 
Beneckea natriegens -> V/Mo 
Beneckea nereis (corrig.) -> Mforio 
Beneckea nigripulchritudo (corrig.) -> Wbr/o 
Beneckea parahaemolytica = Vibrio parahaemolyticus 
Beneckea pelagia -> V/Mo pelagius -> Listonella 
peiagia 



Beneckea splendida 
Beneckea vulnifica - 



-» Wbr/o splendidus 
Vibrio vulnificus 



BERGERIELLA 55:1395 
Bergeriella denitrificans 55:1395 

BERGEYELLA 44:830* 
Bergeyella zoohelcum 44:830* 

BEUTENBERGIA 49:1738* 
Beutenbergia cavernae 49:1738* 

BIFIDOBACTERIUM 

Bifidobacterium adolescentis 
Bifidobacterium angulatum 
Bifidobacterium animalis see: B. animalis subsp. 
animalis 

Bifidobacterium animalis subsp. animalis 

Bifidobacterium animalis subsp. lactis 54:1 142* 

Bifidobacterium asteroides 

Bifidobacterium bifidum 

Bifidobacterium bourn 

Bifidobacterium breve 

Bifidobacterium catenulatum 

Bifidobacterium choerinum 

Bifidobacterium coryneforme 32:368* 

Bifidobacterium cuniculi 

Bifidobacterium denticolens -> Parascardovia 

Bifidobacterium dentium 

Bifidobacterium gallicum 40:100* 

Bifidobacterium gallinarum 33: 1 27* 

Bifidobacterium globosum -» B. pseudolongum subsp. 

globosum 
Bifidobacterium indicum 
Bifidobacterium infantis B. longum 
Bifidobacterium inopinatum -> Scardovia inopinata 
Bifidobacterium lactis -> Bifidobacterium animalis - 8. 

animalis subsp. lactis 
Bifidobacterium longum 
Bifidobacterium magnum 
Bifidobacterium merycicum 41:167* 
Bifidobacterium minimum 32 : 368* 
Bifidobacterium pseudocatenulatum 
Bifidobacterium pseudolongum see: S. pseudolongum 

subsp. pseudolongum 
Bifidobacterium pseudolongum subsp. globosum 42:656 
Bifidobacterium pseudolongum subsp. pseudolongum 

42:656 

Bifidobacterium psychraerophilum 54:405* 
Bifidobacterium pullorum 
Bifidobacterium ruminantium 41 :1 65* 
Bifidobacterium saeculare 42:191 
Bifidobacterium scardovii 52:998* 
Bifidobacterium subtile 32:368* 
Bifidobacterium suis B. longum 
Bifidobacterium thermacidophilum see: B. 

thermacidophilum subsp. thermacidophilum 
Bifidobacterium thermacidophilum subsp. porcinum 

53:1622* 

Bifidobacterium thermacidophilum subsp. 

thermacidophilum 50:124*; 53:1622* 
Bifidobacterium thermophilum 

BILOPHILA 40:320 
Bilophila wadsworthia 40:320 
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Idtasatoa nagasakiensis => Streptomyces purpureus 
tftasatoa purpurea -> Streptomyces purpureus 

KIT AS A TOSPORA (corrig.) = STREPTOMYCES 

Kitasatospora arboriphila 54:2127* 
Kitasatospora azatica (corrig.) 47:1053* 
Kitasatospora cheerisanensis 49:757* 
Kitasatospora cineracea 51 :1770* 
Kitasatospora cochleata (corrig.) 47:1053* 
Kitasatospora cystarginea (corrig.) = Streptomyces 

cystargineus 
Kitasatospora gansuensis 54:2127 
Kitasatospora griseola (corrig.) = Streptomyces 

griseolosporeus 

Kitasatospora kifunensis 53:2038* 

Kitasatospora mediocidica (corrig.) = Streptomyces 

mediocidicus 
Kitasatospora niigatensis 51:1770* 
Kitasatospora nipponensis. 54:2127 
Kitasatospora paracochleata (corrig.) 47:1053* 
Kitasatospora paranensis 54:2128* 
Kitasatospora phosalacinea (corrig.) = Streptomyces 

phosalacineus 

Kitasatospora putterfickiae 53:2037* 
Kitasatospora sampliensis 56:522* 
Kitasatospora setae (corrig.) = Streptomyces 
Kitasatospora terrestris 54:2128 
Kitasatospora viridis 55:710* 

KLEBSIELLA 

Kiebsieiia granulomatis 49:1 698* 
Klebsiella mobilis = Enterobacter aerogenes 
Klebsiella omithinolytica -» Raoultella 
Klebsiella oxytoca 

Klebsiella ozaenae -> K pneumoniae subsp. ozaenae 
Klebsiella planticola -> Raoultella 
Klebsiella pneumoniae 

Klebsiella pneumoniae subsp. ozaenae 34:355 
Klebsiella pneumoniae subsp. pneumoniae 34:355 
Klebsiella pneumoniae subsp. rhinoscleromatis 34:355 
Klebsiella rhinoscleromatis -> K: pneumoniae subsp. 
rhinoscleromatis 

Klebsiella singaporensis 54 ; 2 1 35* 
Klebsiella terrigena -> Raoultella 
Klebsiella trevisanii => Klebsiella planticola -> Raoultella 
planticola 

Klebsiella variicola 54:631 

KLUYVERA 31:382 
Kluyvera ascorbata 31 :382 
Kluyvera cochleae => K. intermedia 
Kluyvera cryocrescens 31 :382 
Kluyvera georgiana 46:63* 
Kluyvera intermedia 55:441 * 

KNOELLIA 52:81* 
Knoellia sinensis 52:82* 
Knoellia subierranea 52:82* 

KOCURIA 45:690* 
Kocuria carniphila 55:141* 
Kocuria erythromyxa => K. rosea 
Kocuria kristinae 45:690* 
Kocuria marina 54:1619* 
Kocuria palustris 49:171* 
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Kocuria polaris 53: 1 87* 
Kocuria rhizophila 49:172* 
Kocuria rosea 45:690* 
Kocuria varians 45:690* . 

KORDIA 54:678* 
Kordia algicida 54:679* 

KORDIIMONAS 55:2036* 
Kordiimonas gwangyangensis 55:2037* 

KOSERELLA => YOKENELLA 

Koserella trabulsii => Yokenella regensburgei 

KOZAKIA 52:816* 
Kozakia baliensis 52:817* 

KRIBBELLA 49:750* 
Kribbella antibiotica 54:1425 
Kribbella flavida 49:750* 
Kribbella jejuensis 54:1348* 
Kribbella koreensis 53:1007* 
Kribbella lupini 56:410* 
Kribbella sandramycini 49:750* 
Kribbella solani 54:1347* 

KROKINOBACTER 56:326* 
Krokinobacter diaphorus 56:327* 
Krokinobacter eikastus 56:327* 
Krokinobacter genikus 56:327* 

KURTHIA 

Kurthia gibsonii 33:672 
Kurthia sibirica 38:220 
Kurthia zopfii 

KUTZNERIA 44:267* 
Kutzneria albida 44:268* 
Kutzneria kofuensis 44:268* 
Kutzneria viridogrisea 44:268* 

KYTOCOCCUS 45:687* 
Kytococcus schroeteri 52:1613* 
Kytococcus sedentarius 45:687* 

LABRYS 35:375 

Labrys methylaminiphilus 55 : 1 252* 
Labrys monachus 35:375 

LACEYELLA 55:398* 
Laceyella putida 55:399* 
Laceyella sacchari 55:399* 

LA CHNOBA CTERIUM 51:1980* 
Lachnobacterium bovis 51 :1 980* 

LACHNOSPIRA 

Lachnospira multipara 

Lachnospira pectinoschiza 44:92* " 

LACINUTRIX 55:1482* 
Lacinutrix copepodicola 55: 1 482* 

LACTOBACILLUS 

Lactobacillus acetotolerans 36:544* 
Lactobacillus acidifarinae 55:619* 
Lactobacillus acidipiscis 50: 1 48 1 * 
Lactobacillus acidophilus. 
Lactobacillus agilis 32:266 
Lactobacillus algidus 50:1 148* 



A Service provided by the DSMZ 



SERIAL NOMENCLATURE 



LIST 03/2006 



* Lactobacillus alimentarius 33:672 
Lactobacillus amylotyticus 49:1 
Lactobacillus amylophitus 31 :216 
Lactobacillus amylovorus 31:61* 
Lactobacillus animalis 33:438 
Lactobacillus antri 55:81 * 
Lactobacillus arizonensis => L plantarum 
Lactobacillus aviarius 35:223 
Lactobacillus aviarius subsp. araffinosus 36:354 
Lactobacillus aviarius subsp. aviarius 36:354 
Lactobacillus bavaricus => L sa/ce/ 
Lactobacillus bifermentans 33:896 
Lactobacillus brevis 
Lactobacillus buchneri 

Lactobacillus bulgaricus -> L delbrueckii subsp. 
bulgaricus 

Lactobacillus camis => Carnobacterium piscicola 
Lactobacillus casei 

Lactobacillus casei subsp. alactosus L paracasei 
subsp. paracasei 

Lactobacillus casei subsp. case/ see: L case/ 
Lactobacillus casei subsp. pseudoplantarum => L. 
paracasei subsp. paracasei 

Lactobacillus casei subsp. rhamnosus L. rhamnosus 
Lactobacillus casei subsp. tolerans -» L paracasei 
subsp. tolerans 
Lactobacillus catenaformis 
Lactobacillus cellobiosus => L. fermentum 
Lactobacillus coteohominis 51 :2084* 
Lactobacillus collinoides 
Lactobacillus concavus 55:2201* 
Lactobacillus confusus Weissella confusa 
Lactobacillus coryniformis 
Lactobacillus coryniformis subsp. coryniformis 
Lactobacillus coryniformis subsp. torquens 
Lactobacillus crispatus 
Lactobacillus curvatus 

Lactobacillus curvatus subsp. curvatus 46:1 162* 
Lactobacillus curvatus subsp. melibiosus => L. sakei 
subsp. carnosus 
Lactobacillus cypricasei 51 :48* 
Lactobacillus delbrueckii 

Lactobacillus delbrueckii subsp. bulgaricus 34:270 

Lactobacillus delbrueckii subsp. delbrueckii 34:270 

Lactobacillus delbrueckii subsp. indicus 55:403* 

Lactobacillus delbrueckii subsp. /acf/s 34:270 

Lactobacillus diolivorans 52:645* 

Lactobacillus divergens -» Carnobacterium 

Lactobacillus durianis 52:929* 

Lactobacillus equi 52:214* 

Lactobacillus farciminis 33:672 

Lactobacillus ferintoshensis => L. parabuchneri 

Lactobacillus fermentum 

Lactobacillus fornicalis 50:1258* 

Lactobacillus fructivorans 

Lactobacillus fructosus -» Leuconostoc fructosum 

Lactobacillus frumenti 50:2132* 

Lactobacillus fuchuensis 52: 1 1 53* 

Lactobacillus gallinarum 42:489* 

Lactobacillus gasseri 30:601 

Lactobacillus gastricus 55:80* 

Lactobacillus graminis 39:93 

Lactobacillus halotolerans -> Weissella 



Lactobacillus hammesii 55:766* 
Lactobacillus hamsteri 38:220 
Lactobacillus harbinensis 56:2 
Lactobacillus helveticus 
Lactobacillus heterohiochii L fructivorans 
Lactobacillus hilgardii 
Lactobacillus homohiochii 
Lactobacillus iners 49:220* 
Lactobacillus ingluviei 53:136* 
Lactobacillus intestinalis 40:303* 
Lactobacillus jensenii 
Lactobacillus johnsonii 42:489* 
Lactobacillus kalixensis 55:81* 
Lactobacillus kandleri Weissella 
Lactobacillus kefiranofaciens see: L kefiranofaciens 
subsp. kefiranofaciens 

Lactobacillus kefiranofaciens subsp. kefiranofaciens 
38:12* 

Lactobacillus kefiranofaciens subsp. kefirgranum 
54:555* 

Lactobacillus kefirgranum -> L. kefiranofaciens subsp. 
kefirgranum 
Lactobacillus kefiri (corrig.) 33:672 
Lactobacillus kimchii 50:1794* 
Lactobacillus kitasatonis 53:2058* 
Lactobacillus kunkeei 48:1083 
Lactobacillus lactis -> L delbrueckii subsp. lactis 
Lactobacillus leichmannii => L. delbrueckii subsp. lactis 
Lactobacillus lindneri 47:601 
Lactobacillus malefermentans 39:371 
Lactobacillus mali 

Lactobacillus maltaromicus Carnobacterium 

maltaromaticum 
Lactobacillus manihotivorans 48:1 107* 
Lactobacillus mindensis 53:12* 
Lactobacillus minor -> Weissella 
Lactobacillus minutus -> Atopobium minutum 
Lactobacillus mucosae 50:256* 
Lactobacillus murinus 32:384 
Lactobacillus nagetii 50:700* 
Lactobacillus nantensis 56:590* 
Lactobacillus oligofermentans 55:2236 
Lactobacillus oris 38:1 16* 
Lactobacillus panis 46:452* 
Lactobacillus pantheris 52:1747* 
Lactobacillus parabuchneri 39:371 
Lactobacillus paracasei 39:107* 
Lactobacillus paracasei subsp. paracasei 39:107* 
Lactobacillus paracasei subsp. tolerans 39:108* 
Lactobacillus paracollinoides 54:1 1 6* 
Lactobacillus parakefiri (corrig.) 44:439* 
Lactobacillus paralimentarius 49: 1 455* 
Lactobacillus paraplantarum 46:598* 
Lactobacillus pentosus 37:339* 
Lactobacillus perolens 50:3 
Lactobacillus piscicola -> Carnobacterium 
Lactobacillus plantarum 

Lactobacillus plantarum subsp. argentoratensis 55:1634* 
Lactobacillus plantarum subsp. plantarum 55:1633* 
Lactobacillus pontis 44:228* . 
Lactobacillus psittaci 51 :969* 
Lactobacillus rennini 56:452* 
Lactobacillus reuteri 32:266 
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Lactobacillus rhamnosus 39:108* 
Lactobacillus rimae Atopobium 
Lactobacillus rogosae 
Lactobacillus rossiae (corrig.) 55:39* 
Lactobacillus ruminis 
Lactobacillus saerimneri 54:1 367* 
Lactobacillus sakei (corrig.) 

Lactobacillus sakei subsp. carnosus (corrig.) 46:1 162* 

Lactobacillus sakei subsp. sakei (corrig.) 

Lactobacillus salivarius 

Lactobacillus salivarius subsp. salicinius 

Lactobacillus salivarius subsp. salivarius 

Lactobacillus sanfranciscensis (corrig.) 34:503 

Lactobacillus satsumensis 55:85* 

Lactobacillus sharpeae 32:266 

Lactobacillus sobrius 56:31* 

Lactobacillus spicheri 54:631 

Lactobacillus suebicus 39:495 

Lactobacillus suntoryeus => L helveticus 

Lactobacillus thermotolerans 53:267* 

Lactobacillus trichodes => L fructivorans 

Lactobacillus uli Olsenella 

Lactobacillus ultunensis 55:82* 

Lactobacillus vaccinostercus 33:438 

Lactobacillus vaginalis 39:368* 

Lactobacillus versmoldensis 53:516* 

Lactobacillus vini 56:516* 

Lactobacillus viridescens -» Weissella 

Lactobacillus vitulinus 

Lactobacillus xylosus Lactococcus lactis subsp. lactis 
Lactobacillus yamanashiensis => L mali 
Lactobacillus zeae 46:340* 
Lactobacillus zymae 55:620* 

LACTOCOCCUS 36:354 
Lactococcus garvieae 36:354 
Lactococcus lactis 36:354 
Lactococcus lactis subsp. cremoris 36:354 
Lactococcus lactis subsp. hordniae 36:354 
Lactococcus lactis subsp. lactis 36:354 
Lactococcus piscium 40:320 
Lactococcus plantarum 36:354 
Lactococcus raffmolactis 38:220 

LACTOSPHAERA => TRICHOCOCCUS 

Lactosphaera pasteurii Trichococcus 

LACTOVUM 55:547 
Lactovum miscens 55:547 

LAMPROBACTER 38:220 
Lamprobacter modestohalophilus 38:220 

LAMPROCYSTIS 

Lamprocystis purpurea 51 :1 700* 
Lamprocystis roseopersicina 

LAMPROPEDIA 

Lampropedia hyalina 

LARIBACTER 52:1437 
Laribacter hongkongensis 52:1437 

LARKINELLA 56:239* 
Larkinella insperata 56:240* 



LAUTROPIA 45:418 
Lautropia mirabilis 45:41 8 

LAWSONIA 45:824* 
Lawsonia intracellulahs 45:824* 

LEADBETTERELLA 55:2299* 
Leadbetterella byssophila 55:2301* 

LEBETIMONAS 55:188* 
Lebetimonas acidiphila 55:188* 

LECHEVALIERIA 51:1049* 
Lechevalieria aerocofonigenes 51:1050* 
Lechevalieria flava 51:1050* 

LECLERCIA 37:179 
Leclercia adecarboxylata 37:179 

LEEUWENHOEKIELLA 55:1035* 
Leeuwenhoekiella aequorea 55:1036* 
Leeuwenhoekietla marinoflava 55:1036* 

LEGIONELLA 

Legionella adelaidensis 41:580 

Legionella anisa 35:375 

Legionella beiiardensis 51:1956* 

Legionella birminghamensis 38:220 

Legionella bozemanae (corrig.) Fluoribacter 

Legionella brunensis 39:205 

Legionella busanensis 53:79* 

Legionella cherrii 35:50* 

Legionella cincinnatiensis 39:205 

Legionella drancourtii 54:703* 

Legionella drozanskii 51 : 1 1 58* 

Legionella dumoffii -> Fluoribacter 

Legionella erythra 35:50* 

Legionella fairfieldensis 41 :580 

Legionella fallonii 5 1 : 1 1 58* 

Legionella feeleii 34:355 

Legionella geestiana 43:335* 

Legionella gormanii -> Fluoribacter 

Legionella gratiana 41 :580 

Legionella gresilensis 51 :1 956* 

Legionella hacketiae 35:50* 

Legionella israefensis 36:368* 

Legionella jamestowniensis 35:50* 

Legionella jordanis 32:384 

Legionella lansingensis 44:595 

Legionella londiniensis 43:335* 

Legionella longbeachae 32:266 

Legionella lytica 46:529* 

Legionella maceachernii Tatlockia 

Legionella micdadei = Tatlockia 

Legionella moravica 39:205 

Legionella nautarum 43:335* 

Legionella oakridgensis 33:672 

Legionella pahsiensis 35:50* 

Legionella pittsburghensis = Tatlockia micdadei 

Legionella pneumophila 

Legionella pneumophila subsp. fraseri 39:205 

Legionella pneumophila subsp. pascullei 39:205 

Legionella pneumophila subsp. pneumophila 39:205 

Legionella quateirensis 43:336* 

Legionella quinlivanii 40: 1 05 

Legionella rowbothamii 5 1 : 1 1 58* 
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LlMNOBACTER 51:1469* 
Limnobacter thiooxidans 51 :1469* 

LISTERIA 

Listeria denitrificans -> Jonesia 

Listeria grayi 

Listeria innocua 33:439 

Listeria ivanovii 34:336* 

Listeria ivanovii subsp. ivanovii 34:336* 

Listeria ivanovii subsp. londoniensis 42:73* 

Listeria monocytogenes 

Listeria murrayi => L grayi 

Listeria seeligeri 33:869* 

Listeria welshimeri 33:867* 

LISTONELLA 36:354 
Listonella anguillarum 36:354 
Listonelia damsela (corrig.) -> Photobacterium 
damseiae subsp. damselae 
Listonella pelagia 36:354 

LOKTANELLA 54:1267* 
Loktanella agnita 55:2206* 
Loktanella fryxellensis 54:1268* 
Loktanella hongkongensis 54:2283* 
Loktanella rosea 55:2206* 
Loktanella salsilacus 54:1268* 
Loktanella vestfoidensis 54:1268* 

LONEPINELLA 46:362 
Lonepinella koalarum 46:362 

LONGISPORA 53:1558* 
Longispora albida 53:1558* 

LUCIBA CTERIUM -> VIBRIO 

Lucibacterium harveyi Vibrio 

LUTEIBACTER 55:2289* 
Luteibacter rhizovicinus 55:2289* 

LUTEIMONAS 50:280* 
Luteimonas mephitis 50:280* 

LUTEOCOCCUS 44:355* 
Luteococcus japonicus 44:355* 
Luteococcus peritonei 50: 1 81 * 
Luteococcus sanguinis 53:1891* 

LYSOBACTER 

Lysobacter antibioticus 

Lysobacter brunescens 

Lysobacter concretionis 55:1 1 60* 

Lysobacter enzymogenes 

Lysobacter enzymogenes subsp. cookii 

Lysobacter enzymogenes subsp. enzymogenes 

Lysobacter gummosus 

Lysobacter koreensis 56:234* 

LYTICUM 32:140* 
Lyticum flagellatum 32:140* 
Lyticum sinuosum 32:140* 

MACROCOCCUS 48:871* 
Macrococcus bovicus 48:874* 
Macrococcus brunensis 53:1653* 
Macrococcus carouselicus 48:874* 
Macrococcus caseolyticus 48:871* 



Macrococcus equipercicus 48:873* 
Macrococcus hajekii 53:1653* 
Macrococcus iamae 53:1653* 

MACROMONAS 

Macromonas bipunctata 39:496 
Macromonas mobilis 

MAGNETOSPIRILLUM 42:191 
Magnetospirillum gryphiswaldense 42:191 
Magnetospirillum magnetotacticum 42:191 

MAHELLA 54:2172* 
Mahella australiensis 54:2172 

MALIKIA 55:627* 
Malikia granosa 55:628* 
Malikia spinosa 55:628* 

MALONOMONAS 40:320 
Malonomonas rubra 40:320 

MANNHEIMIA 49:82* 
Mannheimia glucosida 49:83* 
Mannheimia granulomatis 49:82* 
Mannheimia haemolytica 49:82* 
Mannheimia ruminalis 49:83* 
Mannheimia varigena 49:83* 

MARIBACTER 54:1021* 
Maribacter aquivivus 54:1 022* 
Maribacter dokdonensis 55:2055* 
Maribacter orientalis 54: 1 022* 
Maribacter sedimenticola 54:1021* 
Maribacter ulvicola 54: 1 022* 

MARICAULIS 49:1071* 
Maricaulis maris 49:1 071 * 
Maricaulis parjimensis 52:2199* 
Maricaulis salignorans 52:2199* 
Maricaulis virginensis 52:2200* 
Maricaulis washingtonensis 52:2200* 

MARICHROMA TIUM 48:1140* 
Marichromatium gracile 48:1 140* 
Marichromatium indicum 55:678* 
Marichromatium purpuratum 48:1 140*^ 

MARINIBA CILL US 51:2092* 
Marinibacillus campisalis 54:1320* 
Marinibacillus marinus 51 :2092* 

MARINICOLA 55:862* 
Marinicola seohaensis 55:862* 

MARINILABILIA 46.600* 

Marinilabilia agarovorans => M. salmonicolor 

Marinilabiiia salmonicolor 46:600* 

MA RINILA C TIB A CIL L US 53:719* 
Marinilactibacillus piezotolerans 55:349* 
Marinilactibacillus psychrotolerans 53:719* 

MA RINIMI CROBI UM 56:656* 
Marinimicrobium agarilyticum 56:657* 
Marinimicrobium koreense 56:656* 

MARINITHERMUS 53:63* 
Marinithermus hydrothermalis 53:64* 
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Pasteurefla anatis -> Gallibacterium 
Pasteurella avium -> Avibacterium 
Pasteurella bettyae (corrig.) 40:151* 
Pasteurella caballi 40:320 
Pasteurella canis 35:309* 
Pasteurella dagmatis 35:309* 
Pasteurella gallicida (rejected name) „ 
Pasteurella gallinarum -> Avibacterium 
Pasteurella granulomatis Mannheimia 
Pasteurella haemolytica Mannheimia 
Pasteurella langaaensis (corrig.) 35:309* 
Pasteurella lymphangitidis 40:151* 
Pasteurella mairii (corrig.) 40:152* 
Pasteurella multocida 

Pasteurella multocida subsp. gallicida 35:319* 
Pasteurella multocida subsp. multocida 
Pasteurella multocida subsp. septica 35:319* 
Pasteurella pneumotropica 
Pasteurella skyensis 52:703* 
Pasteurella stomatis 35:309* 
Pasteurella testudinis 32:209* 
Pasteurella trehalosi 40:152* 
Pasteurella ureae -» Actinobacillus 
Pasteurella volantium Avibacterium 

PASTEURIA 

Pasteuria nishizawae 42:327 
Pasteuria penetrans 36:354 
Pasteuria ramosa -» Pirellula staleyi 
Pasteuria thomei 38:328* 

PATULIBACTER 56:405* 
Patulibacter minatonensis 56:405* 

PAUCIBACTER 55:1566* 
Paucibacter toxinivorans 55:1567* 

PAUCIMONAS 51:906* 
Paucimonas lemoignei 51 :907* 

PECTIN ATUS 

Pectinatus cerevisiiphilus 
Pectinatus frisingensis 40:25* 
Pectinatus portalensis 55:547 

PECTOBACTERIUM 

Pectobacterium atrosepticum 53:390* 
Pectobacterium betavasculorum 53:390* 
Pectobacterium cacticida 49:1 
Pectobacterium carnegieana = Erwinia 
Pectobacterium carotovorum = Erwinia carotovora 

subsp. carotovora -> P. carotovorum subsp. 

carotovorum 

Pectobacterium carotovorum P. carotovorum subsp. 
carotovorum 

Pectobacterium carotovorum subsp. atrosepticum -> P. 
atrosepticum 

Pectobacterium carotovorum subsp. betavasculorum -» 

P. betavasculorum 
Pectobacterium carotovorum subsp. carotovorum 49:2 
Pectobacterium carotovorum subsp. odoriferum 49:2 
Pectobacterium carotovorum subsp. wasabiae -> P. 

wasabiae 

Pectobacterium chrysanthemi -» Dickeya 
Pectobacterium cypripedii 
Pectobacterium rhapontici = Erwinia 



Pectobacterium wasabiae 53:390* 

PEDIOCOCCUS 

Pediococcus acidilactici 

Pediococcus cellicola 55:2169* 

Pediococcus claussenii 52:2009* 

Pediococcus damnosus 

Pediococcus dextrinicus 

Pediococcus halophilus -> Tetragenococcus 

Pediococcus inopinatus 38:221 

Pediococcus parvulus 

Pediococcus pentosaceus 

Pediococcus stilesii 56:333* 

Pediococcus urinaeequi -> Aerococcus 

PEDOBACTER 48.176* 
Pedobacter africanus 48: 1 76* 
Pedobacter caeni 55:1 31 7* 
Pedobacter cryoconitis 53:1295* 
Pedobacter heparinus 48:175* 
Pedobacter himalayensis 55:1087* 
Pedobacter piscium 48: 1 75* 
Pedobacter saltans 48: 1 76* 

PEDOMICROBIUM 

Pedomicrobium americanum 38:310* 
Pedomicrobium australicum 38:313* 
Pedomicrobium ferrugineum 
Pedomicrobium manganicum 

PELCZARIA (rejected name) 44:182 
Pelczaria aurantia (rejected name) 44:182 

PELISTEGA 48:437* 
Pelistega europaea 48:437* 

PELOBACTER 33:896 
Pelobacter acetylenicus 36:354 
Petobacter acidigallici 33:896 
Pelobacter carbinolicus 34:356 
Pelobacter massiliensis 41 :580 
Pelobacter propionicus 34:356 
Pelobacter venetianus 34:91 

PELODICTYON -» CHLOROBIUM 

Pelodictyon clathratiforme -> Chlorobium 
Pelodictyon luteolum -> Chlorobium 
Pelodictyon phaeoclathratiforme Chlorobium 
clathratiforme 
Pelodictyon phaeum 

PELOMONAS 55:2424* 
Pelomonas saccharophila 55:2424* 

PELOSPORA 50:647* 
Petospora glutarica 50:647* 

PELOTOMACULUM 52:1734* 
Pelotomaculum schinkii 55:1 702* 
Pelotomaculum thermopropionicum 52:1734* 

PEPTOCOCCUS 

Peptococcus asaccharolyticus -> Peptostreptococcus 
asaccharolyticus -> Peptoniphilus asaccharolyticus 

Peptococcus glycinophilus => Peptostreptococcus 
micros Micromonas micros 

Peptococcus heliotrinreducens -> Peptostreptococcus 
heliotrinreducens -» Slackia heliotrinireducens 
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Staphylococcus equorum see: S. equorum subsp. 
equorum 

Staphylococcus equorum subsp. equorum 35:224; 
53:1219 

Staphylococcus equorum subsp. linens 53:1219 
Staphylococcus felis 39:373* 
Staphylococcus fleurettii 50:1523* 
Staphylococcus gallinarum 33:481* 
Staphylococcus haemolyticus 

Staphylococcus hominis see: S. hominis subsp. hominis 
Staphylococcus hominis subsp. hominis 
Staphylococcus hominis subsp. novobiosepticus 48:809* 
Staphylococcus hyicus 

Staphylococcus hyicus subsp. chromogenes -> S. 
chromogenes 

Staphylococcus hyicus subsp. hyicus see: S. hyicus 
Staphylococcus intermedius 
Staphylococcus kloosii 35:224 
Staphylococcus lentus 33:897 
Staphylococcus lugdunensis 38:168* 
Staphylococcus lutrae 47:726* 
Staphylococcus muscae 42:99* 
Staphylococcus nepalensis 53:2010* 
Staphylococcus pasteuri 43:241 * 
Staphylococcus piscifermentans 42:578* 
Staphylococcus pulvereh => S. vitulinus 
Staphylococcus saccharolyticus 34:91 
Staphylococcus saprophytics see: S. saprophytics 
subsp. saprophytics 

Staphylococcus saprophytics subsp. bovis 46:793* 
Staphylococcus saprophytics subsp. saprophytics 
Staphylococcus schleifeh see: S. schleiferi subsp. 
schleiferi 

Staphylococcus schleiferi subsp. coagulans 40:410* 
Staphylococcus schleiferi subsp. schleifeh 38:168* 
Staphylococcus sciuri see: S. sciuh subsp. sciuri 
Staphylococcus sciuri subsp. carnaticus 47:320* 
Staphylococcus sciuri subsp. lentus -> S. lentus 
Staphylococcus sciuri subsp. rodentium 47:321* 
Staphylococcus sciuri subsp. sciuri 
Staphylococcus simiae 55:1947* 
Staphylococcus simulans 
Staphylococcus succinus see: S. succinus subsp. 
succinus 

Staphylococcus succinus subsp. casei 53:1 

Staphylococcus succinus subsp. succinus 48:516*; 53:1 

Staphylococcus vitulinus (corrig.) 44:458* 

Staphylococcus warneh 

Staphylococcus xylosus 

Staphylococus pseudintermedius 55:1572* 

STAPHYLOTHERMUS 36:573 
Staphylothermus hellenicus 50:2106* 
Staphylothermus marinus 36:573 

STAPPIA 49:2 
Stappia aggregata 49:2 
Stappia alba 56:3 
Stappia marina 56:78* 
Stappia stellulata 49:2 

STARKEYA 50:1800* 
Starkeya novella 50:1800* 



STELLA 35:518* 
Stella humosa 35:518* 
Stella vacuolata 35:51 8* 

STENOTHERMOBACTER 56:184* 
Stenothermobacter spongiae 56:184* 

STENOTROPHOMONAS 43:608* 
Stenotrophomonas acidaminiphila 52:567* 
Stenotrophomonas africana => S. maltophiiia 
Stenotrophomonas koreensis 56:83* 
Stenotrophomonas maltophiiia 43:608* 
Stenotrophomonas nitritireducens 50:281 * 
Stenotrophomonas rhizophila 52:1943* 

STEROLIBACTERIUM 53:1089* 
Sterolibacterium denitrificans 53:1090* 

STETTERIA 48:328 

Stetteria hydrogenophila 48:328 

STIBIOBACTER 

Stibiobacter senarmontii 

STIGMATELLA 

Stigmatella aurantiaca 
Stigmatella erecta 

STOMATOCOCCUS = ROTH! A 

Stomatococcus mucilaginosus -» Rothia mucilaginosa 

STREPTACIDIPHILUS 53:1219 
Streptacidiphilus albus 53:1219 
Streptacidiphilus carbonis 53:1219 
Streptacidiphilus jiangxiensis 55:1744 
Streptacidiphilus neutrinimicus 53:1219 

STREPTOALLOTEICHUS 37:211* 
Streptoalioteichus hindustanus 37:21 1* 

STREPTOBACILLUS 

Streptobacillus moniliformis 

STREPTOCOCCUS 

Streptococcus acidominimus 

Streptococcus adjacens -» Abiotrophia adiacens 

Granulicatella adiacens 
Streptococcus agalactiae 
Streptococcus alactolyticus 35:224 
Streptococcus anginosus 
Streptococcus australis 51:1281* 
Streptococcus bovis 
Streptococcus canis 36:422* 
Streptococcus caphnus => S. gallolyticus 
Streptococcus casseliflavus -> Enterococcus 
Streptococcus castoreus 55:845* 
Streptococcus cecorum -> Enterococcus 
Streptococcus constellatus see: S. constellatus subsp. 

constellatus 

Streptococcus constellatus subsp. constellatus 
Streptococcus constellatus subsp. pharyngis 49:1448* 
Streptococcus cremoris -> Lactococcus lactis subsp. 
cremohs 

Streptococcus criceti (corrig.) 
Streptococcus cristatus (corrig.) 41:546* 
Streptococcus defectivus -> Abiotrophia defectiva 
Streptococcus devriesei 54:631 
Streptococcus didelphis 50:765* 
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Streptococcus difficitis (corrig.) => S. agalactiae 
Streptococcus downei 38:25* 
Streptococcus durans = Enterococcus 
Streptococcus dysgalactiae see: S. dysgalactiae subsp. 
dysgalactiae 

Streptococcus dysgalactiae subsp. dysgalactiae 33:404* 
Streptococcus dysgalactiae subsp. equisimilis 46:780* 
Streptococcus entericus 52:668* 
Streptococcus equi see: S. equi subsp. equi 
Streptococcus equi subsp. equi 
Streptococcus equi subsp. ruminatorum 54:2295* 
Streptococcus equi subsp. zooepidemicus 35:224 
Streptococcus equinus 
Streptococcus faecalis -» Enterococcus 
Streptococcus faecium -» Enterococcus 
Streptococcus ferus 33:883* 
Streptococcus gaiiinaceus 52:1 1 63* 
Streptococcus gallinarum -> Enterococcus 
Streptococcus gallolyticus 46:362 
Streptococcus gallolyticus subsp. gallolyticus 46:362; 
53:643* 

Streptococcus gallolyticus subsp. macedonicus 53:643* 
Streptococcus gallolyticus subsp. pasteurianus 53:643* 
Streptococcus garvieae -> Lactococcus 
Streptococcus gordonii 39:471* 
Streptococcus halichoeh 54:1756* 
Streptococcus hansenii -» Ruminococcus 
Streptococcus hyointestinalis 38:440* 
Streptococcus hyovaginalis 47:1077* 
Streptococcus infantahus 50:1 432* 
Streptococcus infantahus subsp. co// 53:642* 
Streptococcus infantahus subsp. infantahus 53:642* 
Streptococcus infantis 48:926* 
Streptococcus iniae 
Streptococcus intermedius 
Streptococcus intestinalis => S. alactolyticus 
Streptococcus lactis -» Lactococcus lactis subsp. /acf/s 
Streptococcus lactis subsp. cremohs Lactococcus 
lactis subsp. cremohs 

Streptococcus lactis subsp. diacetilactis => Lactococcus 

lactis subsp. /acf/'s 
Streptococcus lutetiensis 52:1253* 
Streptococcus macacae 34:333* 
Streptococcus macedonicus -» S. gallolyticus subsp. 

maceofon/ciys 

Streptococcus mahmammalium 55:274* 
Streptococcus minor 54:451* 
Streptococcus mitis 
Streptococcus morbillorum -> Gemella 
Streptococcus mutans 
Streptococcus oligofermentans 53:1103* 
Streptococcus oralis 32:410* 
Streptococcus ohsratti 50:60* 
Streptococcus ovis 51 :1 149* 
Streptococcus parasanguinis (corrig.) 40:321 
Streptococcus paraubehs 40:470 
Streptococcus parvulus -» Atopobium parvulum 
Streptococcus pasteurianus -» S. gallolyticus subsp. 
pastei/rianus 

Streptococcus peroris 48:926* 
Streptococcus phocae 44:649* 
Streptococcus plantarum Lactococcus 
Streptococcus pleomorphus 



Streptococcus pluranimalium 49:1225* 

Streptococcus pneumoniae 

Streptococcus porcinus 35:224 

Streptococcus pseudopneumoniae 55:1 

Streptococcus pyogenes 

Streptococcus raffinolactis Lactococcus 

Streptococcus ratti (corrig.) 

Streptococcus saccharolyticus Enterococcus 

Streptococcus salivahus 

Streptococcus salivahus subsp. thermophilus S. 
thermophilus 

Streptococcus sanguinis (corrig.) 

Streptococcus shiloi => S. iniae 

Streptococcus sinensis 52:1438 

Streptococcus sobhnus 33:883* 

Streptococcus suis 37:160* 

Streptococcus thermophilus 45:619 

Streptococcus thermophilus Streptococcus salivahus 

subsp. thermophilus -> S. thermophilus 
Streptococcus thoraltensis 47:1077* 
Streptococcus ubehs 
Streptococcus urinalis 50:1177* 
Streptococcus vestibularis 38:335* 
Streptococcus waius Streptococcus macedonicus -» 

S. gallolyticus subsp. macedonicus 

STREPTOMONOSPORA (corrig.) 51:362* 
Streptomonospora alba 53:1 424* 
Streptomonospora salina (corrig.) 51:362* 

STREPTOMYCES 

Streptomyces abikoensis 41 :456 
Streptomyces aburaviensis 
Streptomyces achromogenes see: S. achromogenes 
subsp. achromogenes 

Streptomyces achromogenes subsp. achromogenes 

Streptomyces achromogenes subsp. rubradiris 

Streptomyces acidiscabies 39:393* 

Streptomyces achmycini 

Streptomyces aculeolatus 38:136 

Streptomyces afghaniensis 

Streptomyces afhcanus 54: 1 534* 

Streptomyces alanosinicus 

Streptomyces albaduncus , 

Streptomyces albiaxialis 43:398 

Streptomyces albidochromogenes 36:573 

Streptomyces albidoflavus 

Streptomyces albireticuli S. eurocidicus 

Streptomyces albofaciens 

Streptomyces alboflavus 

Streptomyces alboghseolus 

Streptomyces albolongus 

Streptomyces alboniger 

Streptomyces albospinus 

Streptomyces albosporeus see: S. albosporeus subsp. 
albosporeus 

Streptomyces albosporeus subsp. albosporeus => S. 
aurantiacus 

Streptomyces albosporeus subsp. labilomyceticus 
Streptomyces alboverticillatus => S. ghseocarneus 
Streptomyces albovinaceus . 
Streptomyces alboviridis 
Streptomyces albulus 

Streptomyces albus see: S. albus subsp. albus 
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Johansem 3 996), and cheeses produced with these strains have better flavour 
than those produced wjth an identical strain lacking the lysin gene. Presum- 
ably, the improved flavour results from the lysis of cells in the cheese matrix, 
allowing the release of intracellular peptidases. 

In order to obtain the maximum benefit from traditional and molecular 
genetics, it is necessary to understand the metabolic processes of LAB which 
are relevant for cheesemaking. Some of these are discussed below. 



4.8 Biochemistry of acidification by lactic acid bacteria 

The long historical application of LAB in the production of a wide range of 
fermented food products is primarily due to the high capacity of the LAB to 
produce lactic acid and, thereby, preserve the food products. The production 
of tactic acid by LAB not only serves as a competitive advantage when 
growing in their natural habitats but also leads to the generation of metabolic 
energy, in the form of adenosine triphosphate (ATP), which is required for 
growth and proliferation. 

There have been several excellent reviews on the acidification biochemistry 
and regulation of sugar metabolism in LAB (for example, Yamada, 1987; 
Monnet et al. 9 1996; and Cocaign-Bousquet ei aL y 1996). 

4.H. J Lactose metabolism 

When LAB grow in milk, lactose is converted to lactic acid, and sometimes, 
acetate, ethano! and carbon dioxide. Lactose is converted by a series of 
enzymatic reactions into either L(4-)~ or d(— )-lactate, or a mixture of the two 
(Table 4.3). The isomeric mixture of lactate has several important aspects. 
One example is in the manufacture of Swiss- type cheeses, where Propioni- 
bacicrium preferentially metabolises and grows faster on the L-isomer. Lc. 
tact is and «S. thtsrmophilus exclusively produce the L-isomer, while Leuconos- 

Tablc 4.3 Lactate production by various lactic acid bacteria (LAD) 



Organism 


Transport 
system 


Pathway 


Main fermentation 
products* 


Lactate isomer 


Lactocuccus 


PEP-PTS 


Homofermeniative 


4 lactate 


L 


Strttf?tovocCus 


Permease 


Homoferrnentalivc 


2 or 4 lactate* 1 


I. 


Luctobaciflu.y 


Permease 


1 loinofcrmeiHaiive 


2 or 4 lactate 6 


d or m. 


U'ucrmoxioc 


Permease 


Heierofermcntarivc 


2 lactate -f 2 


D 








cthanol -r* 2 CO^ 





;i Mole* per mole fermented Iaciose; s 2 motes oflactatc if galactose is sToicheiometncaliy secreted, 
and 4 .moles of lactate if galactose is fully metabolised. Abbreviation: PEP-PTS. phosphnemil 
pyruvate -dependent phosphotransferase system. 
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loc produces only the D-isomer. Lactobacillus produces either D-lactate (e g 
Lb. delbruecfdi) or a mixture of the two isomers (e.g. Lb. helve ticus). 

Lactose is transported across the cellular membrane and into the cytoplasm 
either by the phosphoenol pyruvate-dependent phosphotransferase system 
(PEP-PTS) or by a lactose permease. The PEP-PTS system consists of a 
sequence of enzymatic phosphoiylation/dephosphorylation reactions by 
which lactose is transported and phosphorylated to lactose phosphate at the 
expense of phosphoenol pyruvate, which is converted to pyruvate Lactose 
phosphate is hydrolysed to glucose and gaiactosc-6-phosphote by phospho-fl- 
galactosidase. In strains with a lactose permease, lactose is transported 
without modification and hydrolysed to glucose and galactose by |3-ga)actosi- 
dase. Cialactose ts then phosphorylated and converted to glucoses-phosphate 
by the Leloir pathway. In $. thermophilic Lb. delbmeckii subsp. bulgaricuv 
and Lb. delhrueckii subsp. lac/is. galactose is excreted into the medium A 
sequential sugar metabolism is often obsci-ved in mixed cultures; galactose is 
only metabolised when lactose becomes limiting. Uptake of galactose takes 
place either via a permease or a PEP-PTS, similar to the uptake of lactose 
depending on the species. Galactose-6-phosphaie is converted into triose 
phosphates via the tagatose pathway and enters the homofermentalive oath- 
way. } 

The glucose moiety of lactose is phosphorylated to glucose- 6-phospbate, 
which m Lactococcus, Streptococcus and Lactobacillus is further catabolised 
to lactate by the horn oferm dilative pathway, whereas Lettconostoc catabo- 
hses glucose-6-phosphate by the heterofennentative pathway to lactate 
ethanol and carbon dioxide. 



4.9 Proteolysis by lactic acid bacteria 

Proteolysis results in lexturaJ changes in the cheese, by disruption of the 
protein matrix, and in flavour development, due to the release of smal! 
peptides and free amino acids. In addition to the coagulant and plasrnjn, 
starter LAB make a significant contribution to cheese proteolysis. The 
proteolytic system of Lc. lactis consists of a cell-envelope associated 
proteinase, known as lactocepin, and 12-35 different intracellular peptidases 
There are no reliable reports of extracellular peptidases or proteinases in Lc 
lactis (Tan et 1993). 

Based on specificity differences in the hydrolysis of the caseins by 
lactocepin, three different types of proteinase have been recognised, i.e. types 
I, III and I/tU. Lactocepin type 1 hydrolyses p-casein and /c-casein but" not 
u s , -casern; type HJ hydrolyses p-casein, fc-casein and a sJ -casein; and type 1/ 
III has a mixture of type i and type III specificity (Vissei; 1993). However, 
more recently, the classification of lactocepin has been further refined, based 
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Table 5.1 Names, synonyms and descriptions of Pediococcus species 



Species and priority 



Type strain* 



Synonyms 



Description 



Pcdiococcus acidilaaici 
(Lindner, 1887) 



Pcdiococcus damnosus 
(Claussen, 1903) 



Pediococcus dextrmicus 
(Coster and White, 1964; 
Back, 197Sb) 



Pediococcus halophiius 
(Mecs. 1934) 



DSM 202$4 
(proposed by 
Game (1986b)) 



NCDO I832t 
(ATCC 29358; 
DSM 20331) 



DSM 20335 
(NCDO 1.561; 
ATCC 33037) 



NCDO 1635 
(ATCC 33315: 
DSM 20339) 



* Pediococcus Underf 
"Pediococcus cerevisiae' 
'Streptococcus UndnerV 



4 Pediococcus cerevisiae* 
' Pediococcus cerevisiae subsp. mevalovorus' 
' Pediococcus viscosus* 
'Pediococcus pemiciousus' 
'Pediococcus sarcinaefonnts* 
■ Pediococcus odoris tnellisimilb' 
'Pcdiococcus mevahvorus* 
'Streptococcus damnosus* 
'Streptococcus damnosus var. Um&sus 

'Pediococcus cerevisiae subsp. dextrinkus* 
'Streptococcus damnosus var. diastatiats r 



'Pediococcus soyae* 
'Pediococcus acidilactici var. soyae' 
'Tetracoccus no. P 
'Tetracoccus haloplutus* 
'Sarcina hamaguchiae* 
'Tetratogenococcus haiophiius* 



Grow at 50°C. Ferment ribosc, arabinose and/or 
xylose. Unable to utilize maltose; DL-lactate 
produced from glucose. Hydrolyse arginine. 
Mol% G+C 3S-44. Associated mainly with 
plant materials. 

Unable to ferment ribosc or hydrolyse arginine. 
No acid from starch, no acid or gas from 
gluconate, no growth at pH 8.0 or al 35°C 
Most strains hop-tolerant and able to grow in 
beer; oi-lactatc produced from glucose. Mol% 
G+C 37-42. Associated mainly with beer and 
breweries. 



Unable to ferment ribosc or hydrolyse argimnc. 
Acid from starch, acid and gas from gluconate, 
growth at pH 8.0. l(+)- Lactate produced from 
glucose. Mol% G+C 40-41. Associated with 
fermenting plant materials. 

Grow in presence of 15% NaCI and at pH 9.0, 
i.(+)-Lactate produced from glucose. Mol% 
G+C 34-36.5. Associated with salty 
environments. 



Pediococcus mopimtus 
(Back. 1978a) 



Pcdiococcus parvulus 
(Gunther and White, 
1961a) 



Pediococcus pentosaceus 
(Mecs, 1934) 



Pediococcus urinac-equi 
(ex Mees) nom. rev. 



DSM 20285 



NCDO 1634 
(ATCC I937L; 
DSM 20332) 



NCDO 990 
(ATCC 33161; 
DSM 20336) 



NCDO 1636 
(ATCC 29723; 
DSM 2034 1) 



'Pediococcus cere\>isiaC' 



None 



'Pediococcus hennebergV 
'Pediococcus citrovorum' 
'Pcdiococcus cerevisiae* 
'Pediococcus acidilactP 
'Streptococcus acidi-lactic? 



'Pediococcus cerevisiae var. urinacequV 
1 Pediococcus urinae-equV 
'Aerococcus viridans* 



Unable to ferment pentoses and lactose. Does 
not hydrolyse arginine. DL-Lactate produced 
from glucose. Mol% G+C 39-40. Associated 
with beer and alcoholic beverages. 

Grows at pH 4.5. Unable to utilize pentoses, 
lactose or starch. Does not hydrolyse arginine. 
Forms Dt-lactate from glucose. Mol% G+C 
40.5-41.6. Associated with fermented plant 
materials, cider and wine. 

Ferment pentoses (except strains belonging to 
P. pentosaceus subsp. mtermedius). Ferment 
maltose. Do not ferment starch or melizitose. 
Hydrolyse arginine. Maximum temperatures 
for growth 3<M5°C. OL-Lactate produced from 
glucose. Mol% G+C 35-39. Associated with 
plant materials. 

Grow at pH 9.0. Produces L(+)-lactatc from 
glucose. Grow in the absence of fermentable 
carbohydrate. Mol% G+C 39.6-39.7. 
Associated with horse urine and animal faeces. 



*DSM; Deutsche Sammlung von Mikrorganismen, Munich, Germany. NCDO; National Collection of Dairy Organisms, Reading, UK. ATCC; 
American Type Culture Collection, Rockyillc, Maryland, USA. 
tType strain of the genus. 
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Table 5.2 Physiological characteristics of (he pediococci* 



Character* 



P. acidilaaici R damnostts P, doxtrimcus P. hatophittts P, btopitwtiis P. pan*uh(s 

(syn. *Tetra- 
togenococcus 
halophiius*) 



P. ptntO' 
saceits 



*P. pmto* 
saceus subsp. 
intermedin 



P. ttrinae- 
equi 



Growth at 35°C 
40*C 
45*C 
S0°C 

Maximum NaCl 
concentration for 
growth 
Growth at pH 4.5 
pH 5.0 
pH7.5 
pH 8.0 
pH 8.5 
Catalase activity 
Gas from gluconate 
Arginine hydrolysis 
Hippurate hydrolysis 
Production of acetoin 
Lactate configuration 
Litmus milk reaction 
Acid 

Reduction 
Clotting 





- 










+ 


+ 








+ 


+/— (weaicj +/- 


- (weak) 




*t7— (weak) t/ 


- (weak) 


+ 






+/- (weak) 









_ 


+/-(weak) +/- 
~» 


-(weak) +/- 


- (we 


+ 

10% 


5% 


6% 


>IS% 


$% 


8% 


10% 


10% 


10% 




+ 


+/- 




+ 


+ 


+ 


+ 




+ 


+ 






+ 


+ 


+ 


+ 








+ 


+ 


+/- 


+/- 


+ 


+ 


+ 


+ 






+ 






+ 


+ 


+ 








+ 






+/- 


+/- 


+ 














+/- 


+/- 


+/- 






+■ 














+ 












+ 


+ 


+ 


+/- 




+/» 




+/- 










DL 


DL 




l(+)(3%P(-» 


Dl. 






DL 




+/- 




+/~ 




+/- 




+ 


+ 


ND 


+/- 








+/" 




+ 


+ 


ND 


+/- 












+/- 


+ 


ND 




Acid produced from 
or splitting of 



Arahinosc 


+/- 






+ 










+/- 


Ribose 








+ 










ND 


Xylose 


+ 
















+/- 


Fructose 


+ 




+ 


+ 


+ 


+ 




+ 


+ 


Rh am nose 


+/- 
















ND 


Glucose 


+ 




+ 


+ 




+ 


+ 


+ 




Mannose 


+ 


+ 


+ 


+ 




+ 




+ 


+ 


Galactose 


+ 


+/- 


+ 


+/- 




+/- 




+ 


+ 


Maltose 




+/- 


+ 




+ 






+ 


+ 


Trehalose 




+/- 




+ 


+ 


+ 








Cellobiose 


+ 


+ 


+ 


+ 


+ 


+ 






ND 


Sucrose 




+/- 




+ 










+ 


Lactose 


+/- 




+/- 




+ 




+ 




+/- 


Melibiose 














+/- 


+/- 


ND 


Melcxitose 




+/- 














ND 


Raffinosc 


+/- 






+/- 






+/- 


+/- 




Maltotriose 




+/- 


+ 


+ 


+/- 




+/- 


+/- 


ND 


Dextrin 


+/- 




+ 


+/- 


+/- 


+/- 






+/- 


Starch 






+ 














Inulin 






+/- 








+/- 


+/- 




Glycerol 


+/- 






+/- 








4-/- 




Mannitol 


+/- 
















H- 


Sorbitol 


















+f- 


a-Methyl glucoside 




+/- 


+/- 


+ 










ND 


Salicin 


+/- 


+/- 


+ 




+ 






+/- 


+ 


Amygdatin 


+/- 


+/- 




+ 


+ 




+ 




ND 



+ . >90% strains positive; +/-, 10-90% strains positive; — . <10% strains positive; ND, not determined. 
tCharacters in bold are useful for discrimination of species. 
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Table 5.3 Hisiorical development of the genus Pediococcus* 



Organism name 



Reference 



Comment 



'Beer sarcinae* 
'Pediococcus cerevisac 

Pediococcus acidi-lactici 
'Pediococcus sarcinaeformis* 

Pediococcus damnosus 
'Pediococcus perniciousus 1 

'Pediococcus henttebcrgp 

'Sarcina hamaguchiae 

'Pediococcus damnosus var. 
pernidousus' 

'Pediococcus damnosus var. 
salicinacetis* 

Pediococct4S pentosaceus 
Pediococcus halophiius 
Pediococcus urinae-cqui 



Hansen (1879) 
Balckc (1884) 

Lindner (1888) 
Reichard (1894) 

Claussen (1903) 
Qaussen (1903) 

Sollied (1903) 

Saito (1907) 

Mees (1934) 

Mees (1934) 

Mees (1934) 
Mees (1934) 
Mees (1934) 



Produce 'sarcina sickness' in beer. 

Cell division in one plane, successive cell divisions at 90° to each 
other, Acid in sugar-containing media. Grow in beer. Optimum 
growth temperature 20-25°C. 

Optimum growth temperature 41 6 C Produce large amounts of lactic 
acid in sugar-containing media. 

Tetrad-forming coccus isolated from beer. Optimal growth 
temperature 20-25°C. Cells form clusters, or packets, under acidic 
conditions. 

Cells grow in wort and pasteurized beer. Resistant to fluoride. 

Similar to P. damnosus but cells smaller. More vigorous growth in 
beer than P. damnosus. 

Optimal growth temperature 40 tt C. Maltose, galactose, glucose, 
arabinose and xylose fermented to give optically-inactive lactic acid. 
Differs from P. acidUaaia in ability to ferment sucrose and 
arabinose. 

Salt-tolerant lactic acid-producing tetrad-forming coccus isolated 
from Japanese soya sauce mash. 

Tetrad-forming cocci that produce oj>lactate from glucose. 

Similar to "P. damnosus var. perniciousus* but ferments salicin. 

Ferments arabinose. Grows at 45°C 
Salt-tolerant tetrad-forming cocci. 

Produces less lactic acid than other pediococci and grows at alkaline 
pH values. 



'Streptococcus damnosus 1 

'Streptococcus tetragenus % 

'Streptococcus damnosus var. 
diastqticus* 

'Pediococcus mevafovorus' 
Pediococcus parx'idus 



Pediococcus damnosus 
var. 'damnosus* 
var. 'diastaticus' 
var. Ttmosus' 

Pediococcus mopinatus 



'Pediococcus pentosaceus var. 
intermedius' 



Pediococcus dextrinkus 

' Teiratogenococcus iutlophihts" 



Shimwell and Kirkpatrick (1939) 
Walters (1940) 

Andrews and Gilliland (1952) 
Kitahara and Nakagawa (1958) 
Guntherand White (1961a) 

Coster and White (1964) 

Back (1978a) 

Back (1978a) 

Back (1978b) 
Collins ct al (1990) 



Synonym of P. dattmosus. 

Pcntose-fermcnting tetrad-forming cocci isolated from beer. 

Dextrin-degrading tetrad-forming cocci isolated from beer. Impart a 
bitter flavour and strong bitter after-flavour to beer. 

Tetrad-forming cocci resembling P. damnost4S but which require 
mevalonic acid for growth. 

Tetrad-forming coccus which formed very small colonics on media 
used for isolation. (Later shown that growth could be improved by 
addition of Tween 80.) Serologically distinct from other pediococci. 

Proposed subspecies of P. damnosus. 



New species of beer-spoiling pediococci. Identified, in addition to 
phenotypic behaviour, on the basis of DNA-DNA homology tests 
and electrophorctic behaviour of LDHs. 

Subspecies of P. pentosaceus identified on the basis of inability to use 
certain pentose sugars. DNA/DNA homology tests and electro- 
phoretic mobility of LDHs. 

Valid publication of description of starch-degrading pediococci. 

Proposed new genus and species to accommodate strains described as 
P. halophiius. 



•Note: This table is not comprehensive. For further details on the history of the development of the genus Pediococcus see Shimwell and Kirkpatrick 
(1939); Shimwell (1949); Garvic (1974); Eschcnbecher and Back (1976). 



O £ O 




Table 5.4 DNA-DNA homology among petUococeP 



P. additatfid /> damnosus P. dextrinkus P. inopinaius P. hahphilus P. papains 



P, pemo- 
saceus 



P. pcmo- 
saceus subsp. 
intermedins 



P. urinae- 
eqtti 



P. acidilaaici 


100 




P. damnosus 


0-7 


100 


P. dextrinicus 


0-5 


4-5 


P. inopinattts 


0-7 


41-54 


P. hahphilus 


0-2 


0-2 


P. par\>ulus 


0-7 


34-36 


P. penrosaceus 


5-35 


0-18 


*P. pentosaceus 


17-J9 


0-7 


subsp. intermedium 






'P. urinae-equV 


0 


0 



300 
7 
6 
8 
6 
5 



100 
3-5 
30-40 
7-8 
6-7 

0 



100 
4 

4 
3 



100 
7 
6 



100 
SS-97 



•Data compiled from Back and Stackebrandt (1978), DellagHo et */. (1981), and Dcllaglio and Tomani (1986). 



100 
0 



100 




Table 5.5 Percentage homology for a 1340-nucleotide region of 16S rRNAs of Pediococcus spp. and Acrococcits viridans* 





P. acidilaaici 
NCDO 2767 


P. damnosus 
NCDO 1832 


P, dextrinicus 
NCDO 1561 


P. hahphilus 
NC1B 120U 


P. parvulus 
NCDO 1634 


P. pentosaceus P. urmae-equi 
NCDO 990 NCDO 1636 


A. viridans 
NCDO 1225 


P. acidilaaici 


100 














NCDO 2767 
















P. damnosus 


96.6 


100 












NCDO 1832 
















P. dcxtrimcus 


93.8 


94.0 


100 










NCDO 1561 
















P. hahphilus 


89.7 


88.7 


88*6 


100 








NOB .120 J 1 
















P. pan'uius 


97.0 


98.7 


94.5 


87.4 


100 






NCDO 1634 
















P. pentosaceus 


98.3 


96.5 


93.2 


88.3 


96.7 


100 




NCDO 990 
















P, urmac*eqiu 


90.3 


89.3 


90.5 


90.4 


89.8 


89.6 100 




NCDO 1636 
















A, viridans 


S9.3 


899 


89.6 


89.7 


89.6 


89.0 99.9 


100 


NCIDO 1225 

















•Date from Collins a al (i990). 
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